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ASSEMBLY INSTRUCTIONS 

FLIGHT INSTRUCTIONS 

GUIDELINE FOR WHITEWINGS COMPETITION 
INTRODUCTION TO PAPER PLANE DESIGN 
HOW TO BUILD “WHITEWINGS” 


Flying paper airplanes is a lot of fun. You will find that well 
designed racer model paper airplanes have excellent flying 
performance and enjoy watching them race into the sky. You 
can make profile models of any recently developed planes 
before the plastic models come out. You can also make a 
paper model of any type of airplane you would like to have. 
In fact, you can experiment on unorthodox designs for 
planes and determine whether or not they will fly. Using pa- 
per airplanes for such designs is often easier than using 
simulation by computers. 


Discover the future with Whitewings 


All the parts for Whitewings are printed on excellent quality drawing paper so you will need only a 
minimum of tools such as scissors and glue. You can easily build a plane with excellent flying 
capability. The completed Whitewings will fly much better than you probably ever imagined a paper 
airplane could fly. | am sure you will enjoy flying planes you have made by yourself. 


In this “Future of Flight Series”, | introduce mainly unorthodox designs such as Ring Wing Plane, 
Asymmetrical Wing Plane, Oblique Wing Plane, and several others. For people building Whitewings 
for the first time, there are racers which are true performers and easy to build. 

The key point in excellent flying performance is adjustment. As for the unorthodox designs, there are 
three types of adjustment procedures. | have indicated the proper procedure for each plane in the 
Test Flight instructions. Follow the principles of the instructions carefully and even the unorthodox 
designs will fly well. 


In order to maximize your Whitewings flying performance, you must follow the points listed below. 

@ Read the instructions carefully and thoroughly. 

@ Apply sufficient glue over the entire surface of each part to be glued to ensure a sturdily 
constructed plane. 

@ After the plane is assembled, make sure that the glue is completely dry. (Allow at least one day) 


Learning how to fly your paper plane is of primary importance. It is as important as building a sturdy 
plane. 

@ Test fly repeatedly until you can make your plane fly smoothly and straight forward. 

€ Then practice making it fly to higher altitudes. 

You should practice the above steps with care and patience. 


Also, when you fly your plane, it will be important to remember the following : 

€ Fly your plane in a big, open space, away from people who might get hit. 
€ Make sure you are in an area where there are no passing cars. 

DON’T FORGET THESE PRECAUTIONS! 

So now you’ re ready to give it a try. 

Take-off, WHITEWINGS!! 


| would like to express my gratitude to Mr. Atsuo Nagaya who advised me on the Test Flight 

instructions for the Northrop B-2, Mr. Yutaka Hasaka and Mr. Hiroshi Hatano who discussed the 

method of adjustment for racers with me, and the united efforts of a great number of people. 
„January, 1990 
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GUIDELINE FOR 
WHITEWINGS COMPETITION 


TOOLS & MATERIALS 


© SCISSORS : A pair of scissors that cuts well 
(Dressmaker's or tailor's are excellent.) 

€ RULER : Used to fold pieces and make 
creases accurately. 

€ COMMON ORDINARY TABLE KNIFE : Used 
for making the creases in the triangular fuselage. 
€ CUTTER (X-ACTO KNIFE) : This is used for 
cutting out holes. 

Ф CLIPS : Approximately seven clips are re- 
quired for the construction of the triangular fuse- 
lage. Clothespins may be used in place of clips. 
e TWEEZERS : Used for checking the center of 
gravity and assembling the smaller pieces. 

€ STRAIGHT PIN : Used for making pin holes. 

€ GLUE : A clear, fast drying glue is most suit- 
able; for instance, Duponts "Duco Cement, 
Allen Products Corporation's "Seal All" or Bond 
Corporation's “527 Cement”. These can be 
bought at your local drugstore, hardware, or sta- 
tionery store. 

© RUBBER BAND AND ROD: Used for making 
a rubber band catapult. 

€ THIN & LIGHT PAPER : Thin and light paper 
like notebook paper is required for the Pair 
Plane. 

Ф SILVER COLOR PAPER : Used for the Pair 
Plane 

e RUBBER BAND : Used for the Pair Plane 


AIRPLANE PARTS 


Figure shows the planes' parts and what they 
are called. 


Vertical stabilizer " 
_ Vertical stabilizer 


Vertical stabilizer 


Horizontal 
> stabilizer 


~ Fuselage 


Main wing 


Fuselage Fuselage 


Main wing 


Front wing Main wing 
Plane nose Plane nose Plane nose 
REGULAR PLANE CANARD * TAILLESS PLANE 


* Canard model is a plane having the horizontal stabilizer in front of the main wing. 5 
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ASSEMBLY INSTRUCTIONS 


Hold a ruler along the 
dashed line to help you 


fold accurately. 


First roughly cut out all 
the pieces. 
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"E e, 
^^ Try putting the pieces 
© together in the order 


shown before gluing. 


CUTTING OUT THE PARTS 


Roughly cut out each piece taking care not to 
cut into adjacent pieces. 


Trim each piece to size by cutting precisely on 
the line. However, don’t cut on the lines of the 
front and back of the main wing backing. Leave 
a 2-3 mm margin on these edges, as described 
in the gluing instructions. 


Bend the tabs for the main wing and stabilizer 
before gluing the fuselage (plane body) together. 
Bend the tabs along the dashed lines using a 
ruler to make sure that tabs are neatly folded. 


GLUING 


Try putting the pieces together before gluing, 
according to the gluing instructions and 
explanatory figures for each model, to make sure 
everything is ready and in order. 


After all the details have been satisfactorily 
worked out, you are now ready for the actual 
gluing. Following the gluing instructions pre- 
cisely, glue the pieces together in the proper 
order. 

(Note: To build a straight solid body, first glue 
@, © апа © together and let dry on a flat 
surface. Then glue the rest of the body parts, in 
order, to this center section.) 


Re Sa nee ern a IA EL BEE I EEE Du TA EEG 


Apply the glue evenly and quickly, making sure 
that the assembled pieces do not slip out of 
position. 


If the glue is insufficient, the pieces will not be 
firmly glued together, resulting in weak construc- 
tion and poor flying performance. 


Spread glue evenly over the 
entire surface to be glued. 


If the glue is applied unevenly, 
the plane will not be sturdy. 


In order to assemble a sturdy fuselage, after 
gluing- on each piece, place the assembled 
pieces inside a folded piece of scrap paper and 
press out the excess glue with your fingers. 
Gradually assemble the fuselage piece by piece 
in this fashion, taking care that none of the pieces 
have slipped out of place, and that each one is 
in its proper position. 


Use a blank piece of scrap paper and make 
sure that no print on the paper comes into 
contact with the glued parts. Since glue has the 
power to dissolve printing ink, the ink could 
smear onto the assembled plane. 


Place the glued parts inside 
a folded sheet of paper to 
press out the excess glue. 


Spread several layers of large scrap paper over 
a desk or other flat surface for protection. Set 
the newly glued main wing and fuselage on the 
papers to dry for at least 5-6 hours. 


Or, for speedier drying, place “stands” of folded 
paper under the glued parts as shown in the 
figure. This permits improved air circulation to 
the underside of the glued parts. 


à Placing "stands" like these 
\ V4—under the drying pieces 
promotes air circulation. 


When building a layered fuselage, it is helpful to 
place books on top of the fuselage as a weight 
after gluing in order to maintain a solid and 
uniform body. 


The assembly instructions for the triangular fuse- 
lage are located on pages 55 and 56. 


Wiering 


ASSEMBLY INSTRUCTIONS 


7 Piece ® (the backing of the 
main wing) is cut out with 
an extra 2-3mm margin 
along the front and back 
lines. Coat the upperside 

of (B) with glue and apply 

it to the underside of the 
main wing (А), as shown, 

so that their center lines 
coincide. 


Flatten the top ridge of the 
fuselage by sliding scissors \ 
or a pencil over it. 


„Make the 


" d ridge even. 


Dihedral 
angle 


LA 


Arrow points 
forward. 


- 


Arrow points 


Before gluing make certain that 
forward. 


the main wing center line and 
the horizontal stabilizer center 
line are aligned with the center 
of the fuselage. 


When “assembling the main wing” is mentioned, 
we are referring to gluing the reinforcement 
piece ® to the main wing ®. 


The center line for piece (B) extends about 3 mm 
(1/8") in front and in back of the cutting lines. 
When cutting out piece ®, you will notice in the 
figure that the left and right edges are cut right 
on the lines, but the front and back edges extend 
2—3 mm outside the lines. Apply glue evenly to 
the upper surface of piece (6), and gently fit piece 
® on top of piece (6). Because piece ®’s center 
line extends out from the front and back of piece 
(&, it is easy to line up the center lines of pieces 
® and ® accurately. After the glue is dry, you 
can cut off the protruding portions of piece (8). 


In order to glue the main wing precisely and 
securely to the body, the part of the fuselage to 
which it will be glued must be smoothed flat with 
scissors or a pencil, before applying the glue, 
as shown in the figure. 


Place a ruler along the center line of the main 
wing, and bend the wing slightly upward (called 
a dihedral angle) as shown in the figure. Since 
the dihedral angles vary from model to model, 
bend the wing upward until the angle is identical 
to the angle indicated in the assembly instruc- 
tions for that particular model. ` 


When gluing the main wing and horizontal 
stabilizer to the fuselage, make sure that the 
center line is properly aligned lengthwise with 
the center of the fuselage. You will find that if 
you glue the stabilizer onto the fuselage before 
gluing the main wing onto the fuselage, assembly 
will be much easier. 


The importance of gluing the main wing firmly to 
the fuselage cannot be overemphasized. In 
order not to leave any gap between the main 
wing and the body, press down firmly on the 
center of the main wing about 5-6 minutes after 
gluing. After gluing the main wing and stabilizer 
onto the fuselage, let it dry thoroughly for 3-4 
hours. 


FINISHING TOUCHES 


To make а truly high performance plane, it 
is important that the cross section of the main 
wing be curved in such a fashion as to minimize 
drag, or air resistance, and maximize lift, the 
upward draft of air. 


To make the proper curve, bend the main wing 
slightly in the manner shown in the figure (this 
is called cambering the wing). This shape is 
necessary for top performance. The camber for 
Racer 526 “King Fisher” is required to be 0.5- 
1%. Therefore, referring to the figure shown at 
right, camber slightly less than usual. 


Use the figure on the right as a guide to give an 
appropriate camber to the main wing. 

The maximum camber point should be between 
a distance of 30% and 40% from the front edge 
of the main wing. 


Only the main wing is to be cambered. The 
stabilizer should be left flat. 


Placing the dihedral angle gauge on the middie 
of the wing, once again make sure that the 
dihedral angle is the required one. 


It is very important to 
firmly glue the main 
wing to the fuselage. 


—— — 


Wrong 


There shouldn't be any 
gap visible between the 
main wing and the 
fuselage. 


The maximum 


camber 3-6% bd 


Main wing 


Front 


Too much 
camber is 
not suitable. 


Cross section of the 
main wing indicating the 


psi 
maximum camber 3%. 


Front ——  — Rear 


Shape the cambering 


of the wing as shown. The stabilizer 


remains flat 


Adjusting the location of the 


center of gravity. 


The center of gravity 
can be found by 

balancing the plane 
on a pair of tweezers. 


Small scrap of Whitewings paper 


The center of gravity can be found by balancing the plane 


on a knife. 
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The lacquer can be brushed on 


...or sprayed on. 


To test to see if the center of gravity is properly 
aligned or not, take an open pair of scissors or 
tweezers and balance the plane on the two tips 
at the 4 mark as shown in the figure. 

All of the planes in this Series are designed to 
have the center of gravity located at the 4 mark. 
In some cases, however, due to an excess of 
glue or lacquer on the plane, you may find that 
the center of gravity is not properly located at 
the 4 mark. When this happens, it becomes 
necessary to add some additional weight. To do 
so, attach a small scrap of the remaining 
Whitewings paper lightly to either side of the 
plane nose or the rear of the fuselage and se- 
cure it temporarily with a small amount of glue. 
Vary the position or size of the attached paper 
until the center of gravity is located properly and 
then glue the attached paper firmly to the fuse- 
lage. The center of gravity should be located 
within 1 mm (1/24^) of the 4 mark. 


When there is the w mark at the middle of the 
fuselage, turn the plane upside down and find 
the center of gravity by balancing the plane on 
an edge of a knife. 


If your paper plane is coated with lacquer, it will 
become water resistant. Therefore when it lands 
on wet grass, if you quickly wipe the water off 
with a soft cloth, you're ready for another flight. 
For preserving the beauty of the white paper, 
clear lacquer is good, but if you want your plane 
to be a different color, you can use colored 
lacquer. It doesn't matter whether you spray it 
on or paint it on with a brush, but in order to 
keep the plane light and preserve its balance 
and center of gravity, be careful to coat the plane 
as thinly and evenly as possible. 


FLIGHT INSTRUCTIONS 


One of the secrets of flying a paper plane well 
is to view the plane closely from a head-on 
position and straighten out all warps, bends or 
twists with your fingers. 


Inspect your plane thoroughly from the front: 


(1) Is the fuselage bent? 

(2) Are both the right and left main wings 
straight, perfectly matched, and are both in- 
clined at the same angle? 

(3) Are the horizontal stabilizer and front wing 
warped or bent? 

(4) Is the vertical stabilizer warped or bent? 


Check for these irregularities and straighten out 
any bent or warped areas gently and carefully. 


Inspect your plane from the rear and check for 
irregularities in the same manner as above. 
Check the plane from both sides also. 


e Do the inclinations of both the near and far 
wing tips match? 

If they don't, this is proof that the main wing is 

warped, so straighten it out with your fingers until 

the wing tips line up perfectly. 


TEST FLIGHT 


The reason most model airplanes don't fly well 
is that they have not been properly adjusted. 
After finishing your plane, the importance of 
following the test flight and adjustment instruc- 
tions carefully cannot be overemphasized! ! 


If you continuously repeat the test flight and 
adjustment procedures, adjusting your plane 
slowly but surely, you will finally arrive at a point 
where your plane will always glide smoothly and 
in a straight line. A perfect flight every time! 


Straighten out all warps 


and twists in the plane. 


Side view of 
the plane 


Check the plane by 


viewing it from 


the back and the front. 


Right TF 


A warped wing 
/ 


, 


Wrong 


A curved 


-— fuselage 


The vertical stabi- 


Wrong a 


A warped horizontal 


stabilizer 


If the main wing 


is not 


warped, the edges of the 
left and right wings 
should be parallel. 


are not parallel, 


If the left and right 
edges of the main wing 


this is 


proof that the wings 


are warped. 


m 


| Finished 
| Plane 
Lo | 


nel ae 
Adjust 3 


Test 
Flight 


It always flies 
perfectly!! 
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FLIGHT INSTRUCTIONS 


Try to test fly your plane when there is as little 
wind as possible. If there is a breeze, always 
throw your plane straight into the wind. When 
test flying your plane indoors, always try to throw 
it toward a curtain to ensure safety. 

Do not throw the plane upward. Aim it 
horizontally or slightly downward and toss it 
gently forward to make the plane glide smoothly. 


es 


Throw the plane gently so 
that it will glide smoothly. 


The adjustment procedures for the Test Flight 
are based on the How to Pilot instructions. 
Therefore, read the How to Pilot instructions 
+ which will help you to better understand these 
adjustments. 

How to adjust your plane: 


e When it curves to the left or right 
e When the nose goes up or down 


If you know how to adjust your plane to correct 
these two faults, your plane will be able to fly 
well. | will explain how to correct each of these 
faults with the proper adjustment. 

The first thing to look for when test flying your 
plane is whether it flies to the left or right. If so, 
perform the following adjustments and your 
plane will fly straight. 


Nose goes up or down. 


Plane curves to the 
left or right. 


If a paper plane curves to the left or right, it is 
always because there is a bend or a warp 
somewhere on the plane. Therefore, the first step 
is to examine the plane again thoroughly, and 
straighten out the affected parts with utmost 
care. If the plane still curves to the left or right, 
bend the trailing edges of the wing tips (ailerons) 
and vertical stabilizer (rudder) in the appropriate 
directions, according to the instructions in the 
figure on pages 13 and 14, in order to correct 
this fault and ensure a straight flight. 


The second thing to test for is to see whether or 
not the nose gradually goes up and the plane 
loses speed; also watch if the plane's nose rises 
up, then suddenly dips down. This is known as 
stalling. If the glider does this, a smooth flight 
pattern can be assured by adjusting the back 
ends of the horizontal stabilizer (elevators). 
Always finish the first step of adjustment be- 
fore moving to the second step. 
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Always finish the first step of adjustment 
before moving to the second step. 


REGULAR PLANE 


lan A» Rus E 


Throw the plane gently forward. 


CANARD PLANE 


The first step 


How to adjust when the plane 
curves right 

(If it curves left, make the reverse 
adjustment.) 


2 


Bend the left end of the 
trailing edge of the 
main wing up пат. / 


Straighten the fuselage. 


Bend the right end of 
the trailing edge of the 
main wing down 
slightly. 


Bend the trailing edge 
of the vertical stabilizer 
slightly to the left. 


The first step 


\ > | | — 845 


Throw the plane gently forward. 


TAILLESS PLANE 


а аана J 


Throw the plane gently forward. 


How to adjust when the plane 

curves right 

(If it curves left, make the 
reverse adjustment.) 


Straighten the 


mM d fuselage. 


N | 
Bend the left end of Bend the right end 


the trailing edge of = hi trailing edge 
the main wing u oi the main wing 
slightly. pi "e down slightly. 
Bend the trailing 
edge of the vertical 
stabilizer slightly to 
the left. 


The first step ( 


How to adjust when the plane 


curves right 
(If it curves left, make the reverse 
adjustment.) 


Straighten the 
u fuselage. 


Increase the | Decrease the 


upward angle of Bend the trailing upward angle of 
the left end of the edges of the the right end of the 
trailing edge of the — vertical stabilizers trailing edge of the 
main wing. slightly to the left. main wing. 


Wiering 


FLIGHT INSTRUCTIONS 


Always finish the first step of adjustment 
before moving to the second step. 


How to adjust when the nose goes up 
or down 


a "4 a) Bend the trailing edge of the horizontal 
stabilizer slightly downward. 
c b) Just right 
C) Bend the trailing edge of the horizontal 
stabilizer slightly upward. 


How to adjust when the nose goes up 
or down 


rA Bend the trailing edges of the front wing 
C slightly upward. 
b) Just right 
c) Bend the trailing edge of the front wing 
slightly downward. 


How to adjust when the nose goes up 


or down 
IN 
7 Se E ) 
cem 
ШЕ ДРИН снет 
а" +» 
b 7 p 
"d ха Оесгеазе the upward angle of both 
a Fd trailing edges of the main wing by the 
same amount. 
C b) Just right 


C) Increase the upward angle of both 
trailing edges of the main wing by the 
same amount. 


After your test flights 
are finished, don't 
touch the wings at all. 
When holding your 
plane, always hold it by 
the nose. 


After your test flights 
are finished, don't 
touch the wings at all. 
When holding your 
plane, always hold it by 
the nose. 


After your test flights 
are finished, don't 
touch the wings at all. 
When holding your 
plane, always hold it by 
the nose. 


HOW TO PILOT 


Nose goes up or е 
а 


After finishing the test flight апа adjustment рго- 
cedures, the point for the excellent and ad- 
vanced flight performance of paper airplane is 
how to pilot, that is, to know how bending a por- 
tion on a wing changes a flight pattern. In most 
cases, paper airplanes will fly well if you follow 
the adjustments mentioned below. 


e The adjustment for circular flight to the right or 
left 

e The adjustment for ups and downs of the nose 
The methods to pilot the planes in this kit can be 
divided roughly into three ways, such as for reg- 
ular planes, canard planes, and tailless planes. 
First of all, here are the explanations for how to 
pilot the regular planes. 


Regular Planes 


Circular Flight 


When you want to curve the regular plane, bend 
both ends of the trailing edges of the main wing 
and the trailing edge of the vertical stabilizer as 
shown. 


Another method for circular flight 


For the regular planes, you may tilt the horizontal 
stabilizer instead of using the above-mentioned 
method for circular flight. The regular planes in 
this kit are designed so that the lift is produced 
on the horizontal stabilizer. So, when you tilt the 
horizontal stabilizer to the right, the nose curves 
to the left by the force of horizontal direction 
from the left to right. If it isn't easy to tilt the hori- 
zontal stabilizer structurally, try to tilt the main 
wing instead of the horizontal stabilizer in the 
opposite direction, for example, to the left in this 
case. Either way is effective for the curve. 


Ups and downs of the nose 


The ups and downs of the nose depend upon 
the control of the horizontal stabilizer as shown. 


Bend the shaded portion 
of the left trailing edge 
of the main wing upward. 


/ Plane curves to the 
4 left or right. 


if you want your plane to curve to the left: 


Bend the shaded portion 
of the right trailing edge . 
of the main wing downward. 


Bend the trailing 
edge of the vertical 
stabilizer to the left. 


ж If you want your plane to curve to the right, make the reverse 
adjustment. 


The force of 
horizontal direction 


Fuselage Horizontal stabilizer 


If you want the plane’s nose to point up: 


и Bend the trailing edge of 
the horizontal stabilizer 
upward. 

x 


~ 
i 


| 


* Conversely, if you want the plane's nose dip down, bend the 
trailing edge of the horizontal stabilizer downward. 


Wine wings 


FLIGHT INSTRUCTIONS 


HOW TO PILOT 


Canard Planes 


Circular Flight 


When you want to curve the canard plane, bend 
both ends of the trailing edges of the main wing 
and the trailing edge of the vertical stabilizer as 
shown. 


Another method for circular flight 


In the Canard Planes, a tilt of the front wing 
against the main wing produces a curve. So you 
can use this method, too. 


If it isn’t easy to angle the front wing, try instead 
to give an angle to the main wing in the opposite 
direction of the front wing. Either way is effective 
for the curve. 


Ups and downs of the nose 


The ups and downs of the nose depend upon 
the control of the front wing as shown. 


If you want your plane to curve to the left: 


Bend the shaded 
portion of the right 
trailing edge of the 
main wing downward. 


Bend the 
trailing edge 
of the 
vertical 
stabilizer 
to the 
left. 
Bend the shaded 

portion of the left 

trailing edge of the 

main wing upward. 


* If you want your plane to curve to the right, make the reverse 
adjustment. 


View from the back 


If you want your 
plane to curve to 
the left, angle the 


“е front wing to the left. 


* If you want your plane to curve to the right, angle in the 
opposite manner. 


If you want the plane's nose to point up: 


M 


bend the trailing 
edge of the front 


bw wing downward 
Б 


м. 


ж Conversely, if you want the plane’s nose to dip down, bend the 
trailing edge of the front wing upward. 


HOW TO PILOT 


Tailless Planes 


Circular Flight 


When you want to curve the tailless planes, 
bend both ends of the trailing edges of the main 
wing and the trailing edge of the vertical stabiliz- 
er as shown. 


Ups and downs of the nose 


The ups and downs of the nose depend upon 
the increase or decrease in the upward angle of 
the both ends of the edges of the main wing. 


If you want your plane to curve to the left: 


Bend both 
trailing edges of 
the vertical 
stabilizers slightly 
to the left 


' 


Decrease the upward 
angle of the shaded 
portion of the right 
trailing edge of the 
main wing. 


Increase the upward angle 
of the shaded portion of 
the left trailing edge of 

the main wing. 


ж If you want your plane to curve to the right, make the reverse 
adjustment. 


If you want your plane's nose to point up: 


Increase the upward angle of the 
shaded portions of both trailing 
edges of the main wing by the same 
amount. 


* Conversely, if you want your plane's nose to 
dip down, decrease the upward angle of the 
shaded portions of both trailing edges of the 
main wing by the same amount. 
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FLIGHT INSTRUCTIONS 


plane from 
an upwind 
position. 


N N 
\ \ Air turbulence 


sn ts 


How to hold the 
plane when throwing B 
by hand 


ACHIEVING ALTITUDE 


Now that the test flying is over, let's go outside 
to a wide open space to fly your plane! To protect 
your plane from wear and tear, it's best that you 
fly it in a field of soft grass. When you get out 
into the field, the first thing to do is to determine 
the wind direction. To do this, pull a few blades 
of grass and toss them into the air, or, if a 
chimney is nearby, note the direction in which 
the smoke rises. 


If you are flying your plane outside with the wind 
blowing and want to keep your plane's flight pat- 
tern within a limited area , it is best to throw your 
plane with the wind from an upwind position. Al- 
ways be sure to return to the original upwind 
position for launching in order to prevent the 
plane from gliding beyond the confines of the 
flying area. 


Из not good to fly your plane if the wind is too 
strong. When a strong wind is blowing, great 
turbulence is created in the vicinity of large 
buildings such as apartment houses or schools. 
In such places, you will never be able to fly your 
plane successfully when the wind is strong, so 
it's best to wait for a day when the wind is gentle. 


To throw your plane high, there are two ways to 
hold it, as shown in the figure, either by grasping 
the body with your fingertips, or by placing your 
index and middle fingers behind the main wing, 
on both sides of the fuselage. Use whichever 
method you find easiest and most natural. 


If you hold the plane horizontally, and throw it up 
and forward, it will “loop the loop” and dive 
down, so it is very difficult to get it to glide at a 
high altitude. 

In order to overcome this difficulty, tilt the plane 
at a 45°-60° angle to the side when throwing. 
Your plane will curve outward as it gains alti- 
tude, then it will gradually level off and glide on 
a straight course. If the piane still tends to loop 
the loop, adjust it in the same manner you would 
for making the nose go down according to the 
How to Pilot instructions for each type of plane. 
This adjustment will serve to discourage this 
looping tendency. 


Contrary to test flying instructions, it's great to 
launch your plane perpendicular to the wind 
when “high-flying” it. The reason for this is that 
when throwing your plane upwind the plane has 
a tendency to loop; conversely, when throwing 
your plane downwind, the plane has a tendency 
to stall, due to the decreased relative airspeed 
over the wings. When throwing the plane per- 
pendicular to the wind, none of these faults are 
apparent, so it is easier to obtain good flight re- 
sults. 


If an especially large wide open space is avail- 
able, it’s good to fly your plane in the following 
manner: before launching your plane, adjust the 
main wing and vertical stabilizer in the direction 
necessary for a left turn. Then, take the plane in 
your right hand, incline it at 60°-90° angle to the 
side and launch it to the up into the sky at 
almost a right angle. If you do this, the plane will 
climb in a clockwise fashion until it has obtained 
a considerable altitude, then it will go into a 
glide in a counterclockwise fashion, which re- 
sembles a corkscrew pattern, for its descent. If 
your plane has been well adjusted, it will remain 
aloft for at least 10-15 seconds. (The same man- 
ner is applicable to launching by catapult.) 


45°-60° 


Hold your plane at 
an inclined angle, 
as shown, and throw 
the plane sideways. 


To get maximum 


altitude, launch your 2 Wind 


2 


plane perpendicular Pd zr direction 


m d Pd E 
Й , 


to the wind. 


climbing 
counterclockwise 
descending 


Adjustments to be 
made to obtain 
better flight results 


19 


Winieiwings 


FLIGHT INSTRUCTIONS 


If you use a rubber band catapult, you will be 
able to fly your plane at a high altitude for a long 
time. Another advantage of using the catapult is 
its ability to maintain the desired position of the 
plane, as at launching, and thereby ensure a 


0.4-0.6cm Маке a little 


(Va-V4") groove around proper flight course. 
rod A catapult can be made easily from the included 
T wooden rod and rubber band. Make a groove at 


the place shown in the figure and fasten the rub- 
ber band tightly onto the rod at the groove, mak- 
Doubled ing a double strand. 

When launching by catapult, suspend the rubber 
band on the hook, holding the fuselage securely 
with the tip of your fingers as shown in the fi- 
gure. If you use more than just your fingertips, 
you may sometimes damage the horizontal sta- 
bilizer when the plane is launched. Pull the 
plane back, being careful not to bend the fusel- 
age. You may pull back as far as you can but if 
you use a stronger rubber band than the one in- 
cluded in the kit, too much tension on the band 
will cause wing flutter. On a real plane, flutter will 
cause disintegration in mid-air. Flutter is occur- 
ring when your paper plane makes a vibrating 
sound. To avoid this problem, try not to put as 
much tension on the rubber band. 


How to make a rubber 
band catapult 


When using a catapult, as when hand launching 
your plane, use the ground as a horizontal plane 
of 0° and incline the plane at 60°-90° angle to 
avoid loops. The adjustment for making the nose 
go down according to the How to Pilot instruc- 
tions for each type of plane will also serve to 
discourage this looping tendency. 


How to hold a plane when you launch 
it by the rubber band catapult 


un un un 


yx Launch your plane in a wide open area. 

ус Since the catapult-launched plane will fly 
at a high speed, take precautions to avoid 
hitting pople in the area. 


a 
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When considering the proper inclination that 
your plane should have when catapulting it, you 
must remember if you have a plane that tends to 
curve to the right, the more you incline it with the 
right wing downward (as in Figure A), the more 
the plane will tend to plunge down to the 
ground. If you try reversing this inclination and 
incline the left wing downward (as in Figure B), 
you will obtain better flight results. 

All the models in this Series can be launched by 
a double strand rubber band catapult. Flutter will 
not be a problem if all parts are securely glued. 


When you want your plane to spiral upwards in 
the way mentioned on page 19 by hand or cata- 
pult, launch it tilted away from you at a 70°-80°+ 
upward angle. | 


If your plane tends to 
plunge to the ground 
as in figure A. try 
copying your launch 
from figure B. 


HOW TO CATCH 
RISING AIR CURRENTS 


In order for a paper plane to stay aloft for over 
30 seconds, it must make use of rising air cur- 
rents. Rising air currents can be of two kinds; 
those resulting from the flow of wind over an in- 
clined surface, and "thermals", which are rising 
columns of warm air. Paper planes fly well in 


Launching by the catapult 


thermals. "Thermals" originate when the earth's C 3 T cie 

surface is heated by the sun. They usually orig- = = 

inate over city streets, deserts, and plains with 

short grass. Lakes, rivers, and forests, however, 

are difficult to heat up, so these areas favor the 

formation downdrafts, or descending air cur- Rising air Rising air 

rents. You will be most able to make use of Falling air Falling air 
“thermals” if you fly your plane over wide open 


grassy areas or concrete lots. 


To enable your plane to make best use of these 
thermals, it's best to adjust it to fly in a circular 
pattern, then launch or throw it as high as you 
possibly can. Althogh invisible to the naked eye, 
there are what can be called “bubbles” of rising 
air, like that shown in the accompanying figure, 
over patches of heated ground. Therefore, 


A river 
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FLIGHT INSTRUCTIONS 


BESOEN A “bubble” 
MÀ 7 of rising 


Au d i hot air 
: 


p -7 


9 AM-noon is the best time 


to make use of thermals. Winds get strong in 


the afternoon. 


3 PM 


Afternoon 


1 = - 


= em Е 
“~The calm periods in the _— 

morning and the evening 

are the best for test flying. 


Nose repair 


Separate the layers of paper 
that make up the nose. 
Apply glue in between the 
layers, then press these 
layers together with your 
fingers. 
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if you throw your plane as stated above and get 
it to go around in circles and the plane enters 
one of these “bubbles”, its chances for remaining 
inside this “bubble” for a considerable length of 
time are increased. 


All the racer models included in the kit are 
designed to fly over one minute in rising air 
currents if adjusted carefully. 


The best time to make use of thermals is between 
9 AM and 12 noon on days when the skies are 
clear and the winds are gentle. Although the 
strength of thermals increases during midday 
(9 AM—4 PM) when the sun is shining most 
strongly and the highest temperatures are 
reached, in the afternoon, when thermals are 
strongest, gusty surface winds also get stronger, 
often making it difficult to fly paper planes. 


Actual atmospheric conditions will not always 
occur at the above-mentioned times however, 
so always keep an eye out for chances to fly 
your plane. 


REPAIRS 


Even if your plane becomes damaged, if you 
repair it, you should be able to fly it again and 
again. 

When paper planes dive to the ground or crash 
into a wall, the nose is especially vulnerable to 
damage. If any dirt or pebbles are imbedded in 
the nose, remove them with a pair of tweezers 
or a knife. Separate the various layers of paper 
as shown in the figure and coat all the inner 
surfaces with glue. Then press the layers 
together from the outside and, pressing hard, 
squeeze out all the excess glue, just as you did 
during assembly. Let the glue dry thoroughly. 
If the wings or fuselage are bent or torn, reinforce 
the damaged parts from the outside by gluing 
on small pieces of paper, as shown in the figure. 
These small pieces of paper should preferably 
be pieces of scrap paper left over from building 
your plane. These pieces of paper are bend- 
resistant in the direction of the wing tips so be 
sure to cut out and apply them in the proper 


direction. (Bend-resistant direction of the paper 
is indicated by an arrow in the lower right hand 
corner of each model sheet.) 


STORAGE 


If your paper planes are well made, you should 
be able to preserve them with minimum care, 
thus enabling you to fly them for many years. 
For storing a large number of planes when not 
in use, you should stretch a piece of wire 
between two hooks and fasten the planes by their 
noses with clothespins. Let them hang vertically 
as shown in the figure. This has the advantage 
of taking up only a small amount of space, and 
also of minimizing the accumulation of dust on 
the wings. 


ENJOY DISPLAYING 
YOUR AIRPLANES 


You can enjoy airplanes not only by flying them, 
but also, for example, by viewing them on a stand 
on your desk. The sleek lines of the plane's body 
will set your imagination off. A paper stand, that 
can be made very easily, is quite useful as a 
support for displaying an airplane. 


1) Prepare 4cm (112") square piece of paper. 

2) Fold it in half. 

3) Маке an incision with a width of 
approximately 1.5—2mm (1/16”) at the center 
of the piece of paper. 

4) Insert the fuselage between the cut. 


TRANSPORTING 
YOUR PLANE SAFELY 


In order to transport your paper planes safely 
from your home to an open area, | recommend 
using a carrying case. You may make it yourself 
from a carton or a light wooden box. 

The carrying case should be large enough to 
accomodate each plane in its own space without 
overlapping with the others and so the planes 
are ready to fly with only a little adjustment. Here 
is one example of acarrying case | have made. 


Glue on 
pieces of 
paper to 
both sides 
of the bent 
portion of 


A N A the fuselage. 


Repairing the 
fuselage and 
wings 


x 


indicate bend- 
resistant direction. 


To patch a torn wing apply 
a small piece of paper. 


Stretch a wire across an open space and hang 
your planes on it with clothespins. 
15—2 АЙ 
Рарег mm (в) 
stand 


Thick wire Clothespin Cut just inside 
the corners in 
four places for 


_ 


TA x the handle. 
NC 
АС“ 
P 
24cm (9 /2") | 
a^ Lm 


аа + 
22cm (81/2") \ a.u 
ld 
Carrying case - (10? я | 
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GUIDELINE FOR 
WHITEWINGS COMPETITION 


Once you have learned to build and fly your 
Whitewings plane well, you may want to compete 
with your friends in flight performance and hold 
your own paper plane competitions. It will 
encourage you to further improve your building 
and flying skills. 


Up to now, the main competition categories have 
been flying distance, time aloft, aerobatics and 
aesthetic design. The first two — flying distance 
and time aloft — are the main activities related 
to measurable performance capabilities. 


The flying distance category, however, has a 
number of problems. Certain designs should not 
be included in competition. For example, 
designs similar to stones or arrows may need to 
be excluded. Other problems are how to factor 
for wind conditions, how to measure the landing 
point precisely (because planes often slide on 
the ground after landing), and so on. 


The time aloft category, on the other hand, is 
much more interesting and challenging. It 
requires a steep ascent and a very gradual 
gliding descent. To attain this, the plane needs 
to be not only structurally sound but also light 
and aerodynamically designed. In addition, a 
high level of flying technique is also necessary. 
For this reason, it is a type of competition that 
measures total design and flying performance 
capabilities of the plane. Timing is easily done 
with only a stopwatch. 


Thus, l'd like to recommend you begin with a 
time aloft competition. In holding such a 
competition, some of the things you'll need to 
keep in mind are as follows: 


SPACE - 
It is ideal to have an open area of 
approximately 300 x 300m (900 x 900 ft.). If 
it is not possible, 100 x 100m (300 x 300 ft.) 
is acceptable. 
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WEATHER — 
No wind or just a breeze is best for flying 
paper planes. It is better to hold a competition 
in the morning since there is usually less wind. 
In a strong wind paper planes will drift or go 
out of contro! due to wind turbulence. 


COMPETITION — 

e Launching: 
You may have competitions by hand launch, 
by catapult launch, or both. When there is 
limited space or if you are indoors, you should 
compete only by hand launch. 

e Timing: 
Each competitor should be timed 3 to 10 times 
during the competition. Even if there are many 
competitors, try to time each one at least 3 
times. 


Clock the period consisting of when the plane 
leaves the hand and when it lands. If the plane 
is stopped by a wall or tree, stop timing the 
flight. 

A flight of less than three seconds should not 
be counted because it might be a mislaunch- 
ing. If the person fails a three second flight 
by the third attempt, then you should countit. 


One entrant may be allowed to use more than 
2 models. 


If a plane disappears from sight after circling 
up into the sky, oris hidden behind something, 
stop timing the flight. 


e Recording: 
You may decide the winners using all the 
recorded times or by using the best five of 
ten recorded times. 


To have a constant flight performance 
competition, even flights of over 60 seconds 
should be recorded at a maximum of 60 
seconds. This method eliminates a competitor 
who has one very lucky long flight and 
rewards consistent, medium length flight. 


Actual flight Recorded 
time time 
Entrant #1 82 sec. 60 sec. 
30 30 
26 26 
138 116 


Entrant #2 47 sec. 47 sec. 


34 34 Time aloft competition 
45 | 45 
126 126 | Date 


Location 


% This entrant has consistently longer flights. 


Outstanding records, however, should also be 
awarded in some way. 


Total of 


Entrant's 
10th best five 


name 


Sec. Sec. 


Sec Sec. 
sec Sec. 
Sec sec \ 
/ 
/ 


i / 
=a 
sec. Sec, 
pene j 


- i 


The above-mentioned methods of competition sec sec 
are only guidelines. You can make modifications | 

Е А ; | Sec Sec. 
as required according to the space available, | L 1 
number of competitors, and the number of staff | sec sec sec sec. 


members available to oversee the competition. 1 t 


lf there are so many competitors that it becomes 
impractical to clock each several times, 10 to 20 
persons could fly their planes at the same time 
as an eliminatory competition and the 5 people 
with the best times could compete with each 
other using the method mentioned earlier. 


1st 2nd / u 
J} 


^ A An example of record sheet 


You can also enjoy playing games 
using Whitewings planes: 


The 2nd Great International Paper Airplane Contest 
(Seattle, U.S.A., May 1985, by Toyo Yamamoto, MAINICHI- 
GRAPH) 


1) Toss planes through 
a suspended ring. 


2) Aim for targets. 


Ма 
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Create your own games! 
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HOW TO MAKE 
YOUR PLANE FLY WELL 


To make a paper plane fly its best, two conditions 
are very important. 


1) Since a paper plane is a glider it must have 
good gliding performance. This will be 
explained more later, but basically, this means 
that the glide ratio is high and the rate of 
descent is low. 


2) The plane must have good stability. This 
means that it must be able to correct itself 
and maintain a good flight after tilting or 
turning. 


If your plane has these two qualities, when you 
throw it high into the air it will glide smoothly for 
a long distance even when there is slight air 
turbulence. 


HOW TO IMPROVE 
FLYING PERFORMANCE 


Figure 1 shows an airplane's parts and what they 
are called. 


The most important part of a glider is the main 
wing. Из job is to support the plane in mid-air. 
The shape of a wing’s cross section is called a 
wing section or airfoil. The chord line shown in 
the figure is the base line of the airfoil. Its length 
is called the chord length. 


In Figure 3, we can see that the angle made by 
the chord line and wind direction is called the 
angle of attack. When the fuselage is designed, 
a base line is drawn across the body to assist 
in drawing and construction. The angle formed 
by this base line and the chord line is called the 
angle of setting. The angle of setting does not 
change on a plane's body, but the angle of attack 
changes as the рапез vertical direction 
changes (Fig. 4). 


Wind direction 


Chord length Total lengh 


Vertical 
stabilizer 


Horizontal 
stabilizer 


Main wing 
Plane nose 
Fig.1 Plane parts and special terms 


A thin airfoil 


| 9: 
eer і 


Fig.2 Cross section of a thin airfoil 


Wind pressure 
Lift 


Angle of attack 


Fig.3 Angie of attack and forces on wing 


В? 


Wie Wings 
INTRODUCTION TO 
PAPER PLANE DESIGN 


Angle of setting Angle of attack 


Wind 
direction 


Plane direction 


Base line 
Fig.4 Angle of attack and angle of setting 


Glide Distance d Lift 
Height h Drag 


=Lift/drag ratio 


ratio 


Fig.5 Glide ratio and lift/drag ratio 
have the same value. 


Leading edge 


Maximum camber 
3-6% 


Main wing 


30-40% 
Trailing edge 


Fig.6 A thin airfoil is easy to make 
and suitable for paper planes. 

Wing with 
bigger aspect ratio 


; | ith 
Aspect __Wingspan und 
ratio Chord length aspect ratio 
ad а 
> 
Chord га, 


length length 
Fig.7 Aspect ratio 


28 


When the plane is gliding, wind pressure creates 
two forces on the wing as shown in Figure 3. 
One force is the upward draft of air (called lift) 
and the other force on the wing is called air 
resistance or drag. The ratio of these forces is 
called the lift/drag ratio. The higher the ratio of 
the wing (strong lift and little drag) the better the 
plane will fly. 


As shown in Figure 5, the ratio between the 
distance a plane will glide and its altitude is 
called the glide ratio. A plane with a high glide 
ratio will fly farther than a plane with a lower glide 
ratio. The glide ratio has the same value as the 
lift/drag ratio of the entire plane so for long flights 
the lift/drag ratio must be as high as possible. 


In order to have a high lift/drag ratio you must 
choose a good wing shape. A wing that is easy 
to make with a high lift/drag ratio is shown in 
Figure 6. As described in the chapter "Assembly 
Instructions", this thin type of wing is easily made 
by cambering the wing carefully with your fingers. 


It is very important to decrease the air-drag by 
slimming the fuselage or by omitting parts which 
jut out such as the landing gear, struts, etc. as 
much as possible. A special ratio used to 
decrease drag on the wing is called the aspect 
ratio. 


The aspect ratio is found by dividing the wing 
span by the chord length. The greater the aspect 
ratio the more slender the wing will be. As the 
aspect ratio of the main wing becomes larger, 
the less the drag on it. Real gliders and planes 
designed for long distance flights have long 
slender wings for less drag and greater lift. On 
a paper plane, however, which has a small body 
and flies at low speeds, there is no need to make 
the wing too slender. Rather it is best to build a 
light and sturdy main wing with an aspect ratio 
of about 5 or 6. 


The lift/drag ratio changes with the glider's angle 
of attack. Figure 8 shows the changes. Line (A) 
shows the lift/drag ratio for the main wing. A 3° 
or 4° angle of attack is most desirable. Line (B) 
shows the lift/drag ratio of the whole glider. Since 
there is more drag on the entire glider, a 5° or 
6° angle of attack is best. 


When a plane is gliding and slowly losing 
altitude, this is called the rate of descent. It is 
measured in meters per second. For a long 
duration flight you must decrease the rate of 
descent. In Figure 8, line (C) shows the rate of 
descent. When the angle of attack is a little 
larger, (i.e. 1°-2° greater than that for the best 
lift/drag ratio), the rate of descent is the smallest. 


The weight of the whole plane, divided by the 
surface area of the main wing, is called the wing 
loading. A heavy plane with small wings will have 
a large wing load. The Lockheed F-104 is an 
example of this principle. Planes with high wing 
loads glide faster and so their rate of descent is 
high. 


On an actual light plane or glider the surface 
area of the main wing is relatively large, and 
because the plane is light, the wing loading is 
small. Due to these factors, the rate of descent 
is low. Accordingly they can glide, cruising for 
long periods of time. 


When designing paper planes for long duration 
flights, it is best to have a low wing load by 
making a large wing area with a body as light 
as possible so your plane will fly for a long time. 


Lift/drag 
ratio and 
rate of 
descent 


\ 
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(A) Lift/drag ratio 
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(C) Rate of 
descent 


(B) Lift/drag ratio for 
the whole plane 


16° 
Angle of attack 


Fig.8 Lift/drag ratio and rate of descent 
depending on angle of attack 
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Center of 
gravity 


Yawing 
Z 


Fig.9 In-flight motion 


Flight direction 


A 


Rectangular wing 


Taper wing 


Sweptback wing 
(D) 
Sweptforward wing 


(E) 


Elliptical wing 


Fig.10 Wing shapes 
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HOW TO IMPROVE STABILITY 


For a plane to fly well, it must be stable. Figure 
9 shows the movements of a plane in flight. The 
parts which control stability are: 


e HORIZONTAL STABILIZER 
— controls pitching 


e VERTICAL STABILIZER 
— controls yawing 


e DIHEDRAL ANGLE ON MAIN WING 
— controls rolling 


For a stable plane all of these must be designed 
and attached properly as described in the next 
chapter. 


ELEMENTARY DESIGN METHOD 


1. Designing the Main Wing 


The plane's gliding speed and rate of descent 
depends a lot upon the wing loading. You must 
decide on the wing area that is best for the plane 
you are building. 


e When you design a plane for a long, slow, 
buoyant flight, give it a large wing area. 


e When you design a high-speed, sleek jet 
plane, make the wing area small. 


However, be careful not to make the wing loading 
too small. Although it will decrease the rate of 
descent, the plane won't go up very high when 
thrown into the air, resulting in a short flight. A 
wing span of less than 30cm (12”) is recom- 
mended considering the strength of the paper. 


|Pi i: 735 | | | 1 1 | ] 1|-— 
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2. Main Wing Surface Shape 


You can choose the wing shape you like best 
from the shapes in Figure 10. If the wing is either 
too narrow (high aspect ratio) or too wide (low 
aspect ratio) the plane will not be stable nor fly 
well. For a good flying airplane, try to avoid odd 
shaped wings. 


The sweptback wing tends to cause "tip stall" 
which sends the plane into a spin, so it is best 
to avoid a wing with a large sweptback angle. 


Figure 11 shows the relationship between the 
angle of attack and stalling on the rectangular 
wing and the sweptback wing. On the rectangu- 
lar wing, air turbulence affects the central part 
of the wing, while on the sweptback wing, 
turbulence affects the wing tip which sends the 
plane into "tip stall." When tip stalling, the plane 
suddenly loses its lift. 


Differences in the effect of air turbulence and 
bends or warps in the wings cause differences 
in wing lift. This will result in stalling (Fig. 12) 
The sweptback wing plane will go into a “spin” 
when it stalls. And so although the sweptback 
wing looks quite good its design does present 
some problems. 


As mentioned in Fig. 13, both a bending-up 
force and warping force affect the main wing 
during flight. When a plane flies at a high speed 
after being launched powerfully by a rubber 
band catapult, a thin main wing with a reinforce- 
ment backing has less strength to withstand a 
warping force than to withstand a bending-up 
force. This condition will often lead to deforma- 
tion or perhaps even destruction of the main 
wing. 


In light of this, the sweptforward wing (in Fig. 10 
D on page 30) has a tendency to increase or di- 
verge warps while the sweptback wing (in Fig. 
10 C on page 30) has a tendency to decrease 
or converge warps. The Racer 526 King Fisher 
in this kit has a sweptback main wing to prevent 
warping on the main wing in order to make the 
plane climb high up into the sky when launched 
powerfully by a rubber band catapult. 


Wing root з 


Angle of attack 


Trailing edge Trailing edge 


| Rectangular wing | Sweptback wing 
l J L 


Fig.11 Occurrence of stalling differs for planes 
with rectangular wings and those with 
sweptback wings. 


(From “Report and Memorandum No. 1976 of 
the Royal Aircraft Establishment”) 


е Rectangular wings: 
Difference in lift 
around wing roots will 

P al 


not affect the plane's 
таи 


ө Sweptback wings: 
Difference in lift 
around wing tips will 
cause plane to lose 


Pme balance. 


Fig.12 Difference in stall on rectangular wings 
and sweptback wings 


Bending-up force 


Flight direction 


Warping force 


Fig. 13 The force against a wing during flight 
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3. Center of Gravity and Wing Angle of 
Setting 


The angle of attack must be determined 
according to the type of glider you choose, 
whether it is for a long duration flight or a long 
distance flight. The placement of the center of 
gravity and the angle of setting for the main wing 
and horizontal stabilizer for these two types of 
gliders are shown in Figures 13 and 14. When 
the wings are positioned in this way, the angle 
of attack of the plane will be near to that 
previously explained (See Fig. 8). 


Placement of center of gravity is 
50% from main wing leading edge. 


Main wing, angle | 


of setting at 2° Horizontal stabilizer, 


angle of setting at 0° 


Center of gravity 
Base line 


Fig.13 Long duration flight 


Placement of center of gravity is 
25% from main wing leading edge. 


Main wing, angle 
of setting at 3° Horizontal stabilizer, 


angle of setting at —0.5° 


Base line Center of gravity 


Fig.14 Long distance flight 


A plane which has the center of gravity further 
back will be especially well balanced against 
pitching both at high speeds when launched and 
during slow gliding. Therefore the plane design 
having the center of gravity set back is suitable 
for a wide speed range. 


When the wings and the center of gravity are 
placed according to the guidelines, then the 
fuselage can be designed according to what 
glider type you choose. The horizontal stabilizer 
setting might have to be adjusted to get good 
balance but this can be done after the test flight. 


4. Center of Gravity on Non-Rectangular 
Wing Planes 


In Figures 13 and 14, the center of gravity ofthe 
airplane is placed at a point 25% or 50% of the 
chord length from the main wing's leading edge. 
For the rectangular wing (Fig. 10-A) the chord 
length is the same for every part of the wing so 
itis easy to find the center of gravity. In the other 
wing shapes, the chord length changes at 
different places on the wing. The center of gravity 
on these wings depends upon the average chord 
length which represents the aerodynamic 
characteristics of the wing. This chord length is 
called the Mean Aerodynamic Chord (MAC) and 
it is easy to find. The shaded parts in Figure 15 
are half the main wing (from center to wing tip). 


Make a sketch of the wing in which Tt is the 
chord length at the wing tip and Tr is the chord 
length at the wing root. Extend line Tt the 
distance of line Tr and extend line Tr the distance 
of line Tt. Connect the two points (T & R) at the 
end with a dotted line. Find /2Tr and '/2Tt and 
divide the wing with another dotted line. These 
two lines form point M. Draw a line parallel to 
the plane's body through M. This line will be the 
Mean Aerodynamic Chord length of the wing. 
The center of gravity should be placed at a point 
2596 or 5096 ofthe MAC as seen in Figure 16. 


5. The Dihedral Angle 


The reason a plane can recover from temporarily 
rolling to either side while in flight is because of 
the dihedral angle placed on the main wing. 


As shown in Figure 17 the dihedral angle should 
be 5°—15° on a highwing glider and 15°—25° on 
a low wing glider. 


The sweptback wing of the jet plane serves the 
same function as a dihedral angle. On jet planes 
with sweptback wings, a smaller dihedral angle 
than the values listed in Figure 17 is used. 


p=) 1/2711 


HA 
Pa cd -MAC 

2596 or 5096 p 

of MAC ad | 
Center line 
of the 
fuselage 

TR B 


ir 


M =fr ке ae 
" 
Fig.15 How to find Mean Aerodynamic Chord 
(MAC) 


Center of gravity 
, 2596 or 5096 


Mean Aerodynamic Chord 
(MAC) 


Fig.16 Center of gravity is decided 
using MAC formula for any 
wing shape not rectangular. 


High wing 5? — 15* 


Mid wing 10? — 20* 


Low wing 15? — 25? 


Fig.17 Wing position and suitable dihedral angle 
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мет 
INTRODUCTION то 
PAPER PLANE DESIGN 


m 
Center of gravity \ 


Fig.18 Stabilizer works as а lever with 
center of gravity as a fulcrum. 


Soo A ———4 | 
Center of Main wing surface area 
gravity area S of horizontal 

stabilizer S, 


Fig.19 How to find surface area of 
the horizontal stabilizer 
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Wind pressure 


6. The Horizontal Stabilizer 


The horizontal and vertical stabilizers act 
independently as levers supporting the center 
of gravity. The distance (4) between the center 
of gravity and the horizontal and vertical 
stabilizers is very important. By multiplying the 
size of the stabilizers by this distance (£) we can 
find how well the stabilizers work. This product 
is called the tail volume. 


To find the best surface area for the horizontal 
Stabilizer (S4) the following formula is used. 


ш Long duration flight 
Sxt 


S = Main wing surface area (ст?) 

t = Chord length (cm) 
or MAC for any wing shape not 
rectangular. 

Сн = Distance from center of gravity to 
horizontal stabilizer (cm) 


The surface area of S, as determined by the 
above formula is bigger in Figure 13 than in 
Figure 14. This is because the further back the 
center of gravity, the more unstable the plane 
will be. Therefore, a large surface area on the 
horizontal stabilizer is necessary. 


7. The Vertical Stabilizer 


S,- 005-9 X b. 
ёү 
S = Main wing surface area (ст?) 
b = Main wing span (cm) 
(, = Distance from center of gravity to 
vertical stabilizer (cm) 


The surface area of the vertical stabilizer is found 
using the above formula. This figure is only an 
estimate of the stabilizers size. For a more 
precise figure the surface area of the plane body 
and main wing dihedral angle must also be taken 
into consideration. 


If the vertical stabilizer is too big, or too small, 
the glider will not fly well. If the stabilizer is too 
large, the glider will tend to go into a spiral 
descent. If it is too small the plane will tend to 
spin. To find the best size for the vertical 
stabilizer, make it slightly larger than the size 
you figured in the above formula. During test 
flights trim it until the back end begins to sway 
slightly from side to side. It's fun to practice this 
method, so give it a try! 


As long as the size of the horizontal and vertical 
stabilizers is right, then you may choose 
whatever shape you like. 


8. Test Design 


Lets design a paper plane now using the 
aforementioned explanations. We will design a 
rectangular winged plane for long duration 
flying. If we make the main wing span 22cm, 
and the chord length 4cm, then the main wing 
surface area calculation is: 


S = 22 x 4 = 88cm? 


Center of 
gravity 
Main wing 
area S 


\ 


Surface area 
of vertical 
stabilizer Sy 


Fig.20 How to find surface area of 
the vertical stabilizer 
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Wie wings 
INTRODUCTION TO 
PAPER PLANE DESIGN 


Main wing, 
angle of 50% i : 
g е er Horizontal stabilizer, 
Г. setting at 2 angle of setting at 0° 
( ee Main wing N 


X | 
^ Base line 


S, = 30.2cm? 


Sy = Ват. 


N 


| | 


ms fy = 12cm, 7 
b = 22cm 


Center of " ! Е : 
gravity T —XÀ e = 10 


/ 


(1 inch = 2.54 cm) 
Fig.21 Test design for long duration flight 


Layering the nose increases strength. 


Fig.22 Composition of the fuselage 
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If we put the center of gravity 50% back from 
the. main wing's leading edge (See Fig. 13) and 
make the distance from the center of gravity to 
the horizontal and vertical stabilizers respectively 
ён = 14cm апа fy = 12cm, we can calculate 
S, and Sy using the following equations (See 
Fig. 19 and Fig. 20). 


S,- 1.2 88%" — зо ост? 
Sy = 0,05 9822 = 8.1cm? 


When deciding the distance from the center of 
gravity to nose tip, choose a length similar to 
that of one of the Whitewings models. If the 
distance is either too long or too short, the plane 
will fly poorly. You can, however, design the 
shape as you like. 


From the above values your design will be similar 
to the glider in Figure 21. | have made a test 
model of this plane and | have found that it flies 
very well. Enjoy designing one for yourself! 


9. Plane Body Construction 


When throwing the glider by hand or by catapult, 
the wings must be able to withstand extreme 
wind pressure. Also, the plane must be sturdy 
so it will not bend or rip when it hits the ground 
or walls. 


For a top quality glider, some parts are designed 
for strength while others need to be as light as 
possible. The shape of the glider should be 
designed with the following conditions in mind. 
It must be easy to launch by hand, simple to 
repair when damaged, and it must have little 
wind resistance. 


To meet these requirements, the actual construc- 
tion of the plane body, as shown in Figure 22, 
is made up of layers of heavy paper. There are 
more layers in the nose for added strength. In 
Figure 23, the dashed lines show where the 
glider tends to bend easily. To prevent this, parts 
@ and extend past the arrow marks for 
reinforcement. 


As shown in Figure 24, a backing is glued to the 
underside of the wing’s center in order to keep 
the main wing from bending and twisting due to 
wind pressure. Further, to obtain better perfor- 
mance, the wing should be slightly cambered 
as in Figure 6. This type of main wing is also 
easy to repair. 


10. Layers of Paper and Bending Strength 


One of the main reasons why paper planes don't 
fly well is that the midsection, the part of the 
body between the main wing and the tail, tends 
to bend from side to side. When this happens, 
the plane spirals down sharply after it is 
launched. It is thus important to try to design 
your planes so that they don't bend in this section. 


It is for this reason that Whitewings paper 
airplanes are designed to be 5 to 7 layers thick 
in the midsection of the fuselage. As you can see 
in Figure 25, the bending strength is 
proportionate to the cube of the width (w) times 
the height (m): 

Bending strength « (w? x m) 


Taking the thickness, and thus the strength, of 
one piece of paper as a constant, we can 
substitute the number of layers of paper (n) for 
the width (w) as follows: 


Bending strength « (n? x m) 


The weakest areas are just in front of the | 
main wing and horizontal stabilizer. Horizontal 


stabilizer 


\ Y 


E _- Main wing x | 


Extended reinforcements 


Fig.23 Reinforcement of easily bendable parts 


Glue 
together 


Reinforcement backing 


Fig.24 Composition of the main wing 


nd 
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Sea iewings 
INTRODUCTION TO 
PAPER PLANE DESIGN 


If we compare the use of six layers of paper with 

five layers of paper, we find that six layers of 

paper leads to about 1.73 times the strength. 
6 layers  6°xm 216 
5 layers 5°xm 123 


14s 


One other thing that becomes clear is that it is 
much more effective to increase the number of 
layers of paper than it is to increase the height 
of the body in order to increase strength and 
reduce bending. If too many layers of paper are 
used, however, the plane becomes too heavy. 
At the same time, it is important to make sure 
that the several layers of paper are glued 
together securely. If the gluing is incomplete, 
then the bending strength is n x m rather than 
n? x m, leading to a much reduced strength. 


Fig.25 Dimensions of the fuselage and 


bending strength 


The racer type planes included in this Whitewings 
kit consist of both 5 to 7 layer designs. When 
you fly them you will feel a slight difference 
between the two. While you'll need to be much 
more careful about how you fly the five layer 
ones, you'll see that they have a lighter and 
spirited feeling to their flight. | hope that you'll 
try constructing, flying, and comparing the 
performance of both types to see for yourself 
how different they are. 


This concludes my explanation of simple design 
methods. You can now use this knowledge to 
help you design your own gliders. 


Good Luck and Good Flying! 
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Mri tBWITI IS 
Racer 524 Blue Jay 


GLUING INSTRUCTIONS 
Glue the parts together in the order indicated. 


4. 


Glue the horizontal stabilizer 10 
firmly to the fuselage. 


Arrow points forward. 


Arrow points forward. 


Glue ® to the underside of ® 
When dry, cut off the protruding. 
portions. 


> >], 


P" ud Fold all tabs outward. 


Placing a ruler along the center 
line of the main wing ((8;--9)), 
bend each side up individually to. 
make a dihedral angle of 
approximately 15° for both sides 


lue © th | 
Glue (1) through 6 of the main wing. Then, glue the 


7 together. main wing (®+®) firmly to the 
fuselage. 
FINISHING TOUCHES 
е Give the finishing touches to the plane after it | | 
Arrow points forward. Camber the wings 


dries thoroughly. 

6. Camber the main wing Slightly with 
your fingers. 

7. Using the dihedral angle gauge, make 
sure the dihedral angle of the main 
wing is 15°. 

8. Fold © up slightly along both sides 
of its center line and glue it onto 
the center of the main wing. 


9. View the plane from both the front 
and the back and straighten any 
warps or bends in the fuselage and 
the wings. 


carefully. 


TEST FLIGHT 
e Test fly the plane according to the Test Flight 
instructions for Regular Planes on pages 11 to 14. 
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Winitewings 
Racer 525 Sparrow 


GLUING INSTRUCTIONS 
Glue the parts together in the order indicated. 


4. 


Glue the horizontal stabilizer 4 to 
the fuselage. 


Arrow points forward. 


Glue 10 to the underside of (9). 
When dry, cut off the protruding 
portions. 


1. 


Fold all tabs outward. 


Placing a ruler along the center 
line of the main wing (@+10), 
bend each side up individually to 
make a dihedral angle of 
approximately 15° for both sides 
of the main wing. Then, glue the 
main wing (+40) firmly to the 
fuselage. 


Glue 1) through 
8) together. 


Arrow points forward. 


FINISHING TOUCHES ee ae 
е Give the finishing touches to the plane after it с, TUR 
dries thoroughly. 
6. Camber the main wing slightly with your 
fingers. 
7. Using the dihedral angle gauge, make 
sure the dihedral angle for the main 
wing is 15*. 
8. Fold 2 up slightly along both sides 
of its center line and glue it onto the 
center of the main wing. 
9. View the plane from both the front and 
the back and straighten any warps or 
bends in the fuselage and the wings. 


TEST FLIGHT 
e Test fly the plane according to the Test Flight 
instructions for Regular Planes on pages 11 to 14. 
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WEIS 
Racer 526 King Fisher 


This plane has a sweptback wing and vertical stabilizers made from the folded edges of the horizon- 
tal stabilizer. This type of paper airplane racer was originated by Mr. Tamotsu Kuroda. The design 
continues to be developed and refined by both Mr. Kuroda and Mr. Masaaki Inoue. | have also en- 
joyed experimenting with this type of plane. Through this design, the plane can climb high up into the 
sky at a right angle without experiencing wing flutter and then it changes its flight pattern smoothly to 
gliding. 


GLUING INSTRUCTIONS 
Glue the parts together in the order indicated. 4 
e 


Fold both edges of the horizontal 
Е stabilizer 1? upward along the 
i l А dashed lines and raise them 
Glue (0 to the underside of ®. 6 vertically to make the vertical 
When dry, cut off the protruding " stabilizers. 


Glue the horizontal stabilizer 40 to 
the fuselage. 


portions. 


Arrows point forward. 


\- 


S 


Placing a ruler along 
the center line of the N 
main wing (@+10), 
bend each side up 
individually to make a 
dihedral angle of 
approximately 10° for 
both sides of the main 
wing. Then, glue the 
main wing firmly to _ 
the fuselage. ® 


2. 


Glue (D through ® together. 


Apply glue to the 
folded portions of 1? 
to reinforce them. 


FINISHING TOUCHES c Re 
e Give the finishing touches to the plane after it 
dries thoroughly. 
8. Camber the main wing quite slightly (0.5- 
196) with your fingers.(Refer to page 9.) 
9. Using the dihedral angle gauge, make 
sure the dihedral angle for the main wing 
is 10°. 
View the plane from both the front and 
' the back and straighten any warps or 
bends in the fuselage and.the wings. 


TEST FLIGHT 
Ф Test fly the plane according to the Test Flight 
instructions for Regular Planes on pages 11 to 14. 
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HOW TO FLY 

After you fly your plane by hand and it glides smoothly and in a straight 
line, by using the catapult make the plane climb high up into the sky 
and go into a glide. 

One of the ideal flight patterns for a duration flight of a racer type mod- 
el plane is to have the plane climb upward as straight as possible and 
goes gradually into a corkscrew glide with a low rate of descent. 


Generally speaking, all of the Whitewings racers are designed to make 
the horizontal stabilizer take partial responsibility for lift. (See Fig. 13 on 
page 32.) Therefore, when you adjust a plane for ascent and gliding, 
you need to take the following characteristics into consideration. 


* During the plane’s ascent after being launced by hand or by catapult 
(flying at a high speed), the control surfaces (aileron, rudder, eleva- 
tor) become overly sensitive to curving. 


* During the plane's glide (flying at a low speed), the tilted horizontal 
stabilizer becomes sensitive to curving. 


Therefore, in order to keep the plane climbing upward in a straight line, 
the main wing, the horizontal stabilizer, and the vertical stabilizer should 
remain flat. Once the plane is in the gliding stage, its direction and the 
extent of the diameter of its gliding pattern depend on a tilted horizontal 
stabilizer. Therefore, adjust the direction and degree of tilt of the hori- 
zontal stabilizer according to the instructions on page 15. 

Here is an explanation of the characteristics of the Racer 526. One is 
that, as the instructions on page 31 mentioned, the sweptback main 
wing protects against wing flutter in a high speed flight. 


The other is that the vertical stabilizers stand only on the upper side of 
both edges of the horizontal stabilizer. While the plane is ascending at 
a high speed, the upper edges of the vertical stabilizers are pressed 
by wind drag in this design. Being influenced by this, the horizontal sta- 
bilizer is warped as shown in Fig. 2 and the nose is pushed down. Try 
to press the upper edges of the vertical stabilizers by yourself, and you 
will find the horizontal stabilizer warped. 

These phenomenon help the plane climb at a right angle without 
looping. 


Based upon such characteristics, | will explain how to adjust the hori- 
zontal stabilizer of the Racer 526 for ascent. As shown in Fig. 2, during 
high speed flying the outer areas of the horizontal stabilizer (shaded 
portions in Fig. 3) will be angled downward by wind drag. However, the 
inner areas of the horizontal stabilizer near the fuselage will remain un- 
altered. Accordingly, when you adjust for the flight path of the plane 
climbing at a high speed, the method | use is to bend the area of the 
horizontal stabilizer near the fuselage slightly in accordance with Fig. 4. 


When you adjust the plane for gliding at a lower speed, it is appropri- 
ate to bend both outer areas (the shaded portions) of the horizontal sta- 
bilizer. In order to find out how much you need to bend them, refer to 
Fig. 4 after you examine the flight pattern. 


How to hold a plane when you launch it at a right angle depends on 
what is easiest for you. | would like to introduce my method for helping 
you find your own way. As fig. 5 shows, | hold the fuselage under the 
main wing tightly and pull the rubber band up at a right angle to 
launch. You must hold the plane carefully with the tips of fingers to 
avoid touching the horizontal stabilizer. 

If you launch a plane pulling the rubber band up vigorously without ad- 
justing the plane well, it is possible that the plane won't ascend and in- 
stead hit someone. Be careful when launching. 


Gliding —_ 


— Climb at a right angle 


“4 


Figure 1 


During a high speed flight, 
the outer areas of the 
horizontal stabilizer near the 
vertical stabilizer are angled 
downward because the 


upperside of the vertical == 

stabilizers being pressed by / | 

wind drag. 2 | 
— | 


Figure 2 


The portions of the horizontal 
stabilizer of which the 
degree of angle changes 


The portions of the horizontal ` 
stabilizer of which the 
degree of angle doesn't 
change even during a climb 
at a high speed Е 

Figure 3 

The right 
climb 

\ | 
The nose goes down. | The nose goes up. 


The trailing The trailing 
edge of the edge of the 
horizontal horizontal 
stabilizer is N stabilizer is 
dropped too N raised too 
low. high. 
Figure 4 
Right hand 


Launching a plane at a right 
angle 


Left hand Figure 5 


Wie Wings 
CANARD 


This plane is called “Canard” in English, “Ente” in German, because it is shaped like a duck in flight. 
You can identify this style of the plane in “Flyer” through which the Wright brothers succeeded in a 
power flight in 1903, “The 14 vis” in 1906 by Santos Dumont and the first water plane by Henri Fabre 
in 1910. The front-set tail plane has great flying power because the upward draft of air (termed lift) is 
created not only on the main wing, but also on the front wing. Recently Dr. Paul B. MacCready’s man- 
powered plane with this design took the Kremer Prize and made a cross-channel flight between Eng- 
land and France. The Voyager, another canard model, designed by Burt Rutan made a non-stop 
flight around the world. 


GLUING INSTRUCTIONS 
Glue the parts together in the order indicated. 


3 A Arrows point forward. 
А А » 

Glue 1? to the underside of 10. Glue ® to the underside of ®. When 

When dry, cut off the protruding dry, cut off the protruding portions. / 


portions. 
6 Placing a ruler along the 
е 


center line of the main 

| wing (®+@), bend each 

point forward side up individually to 
make a dihedral angle of 
approximately 13° for both 

5 sides of the main wing. 

Ы Then, glue the main wing 

Camber the center part (®+@) firmly to the 

of the front wing (0+0) fuselage. 

after the curve of its 

gluing position on the 

fuselage, and then glue 

it firmly to the fuselage. 


2. 


Glue ® through (7 together. 


Arrows 


Ts 


all tabs 

outward. 

FINISHING TOUCHES 

© Give the finishing touches to the plane after it 
dries thoroughly. 


7. Camber the main wing slightly with your 
fingers. 

8. Using the dihedral angle gauge on the main 
wing, check if the dihedral angle is 13°. 

9. Placing a ruler along the center line, fold part 
02 slightly upward from the center line. Then, 
glue (2 to the center of the main wing. 

10. View the plane from both the front and the 
back and straighten any warps or bends in 
the fuselage and the wings. 


TEST FLIGHT 

e Test fly the plane according to the Test Flight 
instructions for Canard Planes on pages 11 to 
14. 


Camber the wings 
Arrow points forward carefully 
— 
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Winlewings 
TAILLESS PLANE 


In the tailless plane, the trailing edges of the main wing play the role of the horizontal stabilizer. 

In the case of regular planes, a longer distance between the main wing and the horizontal stabilizer 
maintains the longitudinal balance of the plane and there is a main wing with dihedral angle. Since 
this plane doesn't have either characteristic, it requires the sweptback wing in order to substitute for 
what it lacks. 

The sweptback angle design of the main wing provides for specified distances to the back sides of 
both edges of the main wing which play the role of the horizontal stabilizer. Moreover, the sweptback 
angle of the main wing also acts as a substitute for the dihedral angle. The sweptback angle, howev- 
er, tends to cause a “tip stall” which sends the plane into a spin so the sharpness of this angle has 
been reduced toward the edges of the main wing. This design process ended with the birth of the 


tailless plane. 


GLUING INSTRUCTIONS 
Glue the parts together in the order indicated. 


Arrow points forward. 
Ж 


/ WZ. 
| e Fold all tabs таг e] 


N 


3. 


Fold both tabs of the main wing 
8) as shown. 


Glue the vertical stabilizers 10 
and 1 to the tabs of the main 
wing (8+) aligning the arrows 
on (0 and 17 with the folded tab 
lines of the main wing. 


J 


Arrows point 
forward. un 


4. 


Glue ® to the underside of ®. 
When dry, cut off the protruding 
portions. Ya 


Glue 1) through (7 together. 


FINISHING TOUCHES 
€ Give the finishing touches 
to the plane after 
it dries thoroughly. 
7. Camber the main wing 
carefully according to 
the instructions shown 
right. 

8 View the plane from both the front 
' and the back and straighten any 
warps or bends in the fuselage 

and the wings. 


TEST FLIGHT 
eTest fly the plane according 


Cross section 


Ae A 


B = В 


The front view of the plane 
The upper surface of the wing 


to the Test Flight instructions P E 
for Tailless Planes on pages P d b 


/——————————— ER ECCE 


6. 


Camber the center part of the 
main wing (®+9) after the curve 
of its gluing position on the 
fuselage and then glue it firmly to 
the fuselage. 


HOW TO CAMBER THE MAIN 
WING 

Unlike the regular planes, the 
back sides on both edges of the 
main wing take the role of the 
horizontal stabilizer. Therefore, it 
must be cambered upward as 
shown at left. 


The back sides on both edges 
of the main wing are turned up- 
ward slightly so that when 
viewed head on, the upper sur- 
face of the back wing edges 
should be visible. 
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Wil PW ES 
CIRCULAR WING CANARD 


Even if this plane had only a single circular main wing, it would fly well as long as its center of gravity 
was placed at an appropriate position. But this plane has an additional wing placed toward the nose 
and is easier to fly due to the longitudinal stability produced by this design. 


GLUING INSTRUCTIONS | à 
Glue the parts together in the order indicated. 


б. 


Glue the vertical stabilizers 17 
and 42 to the tabs of the circular 


main wing ® aligning the arrows 
/ on 1) and 42 with the folded tab 5 
e lines of ®. D e 
Camber the center part of the Arrow points forward ~ 7 Fold both tabs of the circular 
front wing (®+1D) carefully after 


2 main wing as shown. 
the curve of its gluing position on SS 


the fuselage. 


8. 


Glue the front wing firmly to the 
fuselage. 


Arrow points forward 


3 Draw a center line on the 
e GEN underside of the circular main 
к ( wing as follows. 

ar Lu NE. 3 Make a pinhole at both ends of 


When dry, cut off 


the protruding 
portions. 


the main wing. Turn the main 
wing over. Link the pinholes 
together with a ruler and draw a 
center line on the bottom side of 
the main wing. 


l. 


Fold all tabs outward. 


N} the center line on the top side of 


и 


Glue the circular main wing firmly 
to the fuselage connecting the 
center line drawn on the 
underside of the main wing with 
the center of the fuselage. 
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FINISHING TOUCHES 
е Give the finishing touches to the plane after it 
dries thoroughly. 


10. Gently curve the circular main wing КЕ: я 
upward about іст (2/5”) as shownto PT T У 


таке а dihedral angle. 


11. View the plane from both the front and 
the back and straighten any warps or 
bends in the fuselage and the wings. 


TEST FLIGHT 

е Try to test fly your plane when there is a gentle breeze. Throw the plane gently forward aiming it 
horizontally or slightly downward. Examine the flight pattern and then proceed to adjust your plane. 
For your better understanding of the principles used in adjusting the Circular Wing Canard, refer to 
the Test Flight instructions for Canard Planes in pages 11 to 14. 


How to adjust when the plane curves right. 
(If it curves left, apply the reverse adjust- 
ment.) 


Straighten out the fuselage. 
Bend the front edge of the right t 
wing up slightly. 


Bend the front edge of the left 
wing down slightly. 


Bend the trailing edges of the 
vertical stabilizers slighly to the 
left. 


How to adjust when the nose goes up or 
down 


(a) Bend the trailing edges of the front wings p 


slightly upward. 
(b) Just right 


(c) Bend the trailing edges of the front wings (c) 
slightly downward. 
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ЛОПЕЗ 
OBLIQUE WING PLANE 


The oblique wing was designed by Dr. Robert T. Jones of The Ames Research Center in NASA. 

This wing meets with less resistance than the wings widely used in jet planes. Therefore, given the 
same amount of fuel energy, an obligue wing craft will fly faster and farther than a conventional jet 
wing design. At NASA experiments are being carried out with full-scale models. Although the same 
advantage is harder to obtain for paper planes because of their lower than sonic speed, | am sure 
you too will find it interesting that this model displays stable flight performance despite its oblique 
shape wing design. Build it by yourself and try to fly it. It will surely fly well after careful adjustment. 


GLUING INSTRUCTIONS 
Glue the parts together in the order indicated. 


6. 


I 


Camber the main wing after the 
curve of its gluing position on the 
fuselage as in the cross section 


Glue ®© to the side of ®+1 
aligning the arrow on 4) with the 
folded tab line of @+10. 


shown below. 


3. 


Fold the tab on ($ upward and 
the tab on 40 downward. 


front = back 


Camber the wings ~ 
carefully. 


Arrow points _—” Glue (0 to the 


forward underside of ® 

M truing up the front 

Wy а edge line of 10 to 

N the front edge of ®. 
N When dry, cut off 
] the protruding 
e portions. 
Fold all tabs outward. 
P ena, 
/ Q0 
/ 
7 
aa" ^n Ы 
Glue the wing (®+) firmly to the 
fuselage. 
(B) 
e (D A 
я pert 

Glue © through ® together as B 
indicated in the diagram. 6) 


(9) 
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FINISHING TOUCHES 
€ Give the finishing touches to the plane after it 
dries thoroughly. 


8. Carefully turn up the back left end 
(back right end from the front) of the 
main wing 3 — 5mm (1/10 — 1/5”) with 
your fingers. In the same manner, 


turn up the back right end (back left i А Nnm | 
end from the front) of the main wing iR 
0.5mm (1/50^). 0.5mm 3 


View from the front 


9. View the plane from both the front 
and the back and straighten any 
warps or bends in the fuselage and 
the wings. 


TEST FLIGHT & HOW TO PILOT 


The upper surface of 
the wing 


@ In principle, adjusting the oblique wing tailless plane is the same as that of the ordinary tailless 
plane. So, test fly the plane referring to the Test Flight instructions for Tailless Planes on pages 11 


to 14 and How to Pilot instructions on page 17. 


If you want your plane to curve to the right : 
(If you want your plane to curve to the left, apply 
the reverse adjustment.) 


Bend the trailing 
edge of the vertical 
stabilizer to the right. 


Decrease the upward 
angle of the left 
trailing edge of the 


main wing. 
Increase the upward 
angle of the right 
trailing edge of the 
main wing. 

[Note 1] 


There is a knack in flying stably this oblique 
wing tailless plane by hand or by catapult. Fol- 
lowing the instructions above, adjust the wing for 
the flight pattern which curves to the right. This 
plane has a right-side sweptback wing, so it is 
easy to restore its balance through the dihedral 
effect of the sweptback wing even if it is tilted to 
the right. Accordingly, if you adjust the wing for 
the flight pattern which curves to the left, the 
plane will dip downward to the ground because 
it can't restore its balance. Try to test fly throw- 
ing your plane straight into wind when there is a 
gentle breeze. Repeat the test flight and adjust- 
ment procedures above until it flies straight 
smoothly. 


if you want the nose of your plane to point up: 
(If you want the nose of your plane to dip down, 
apply the reverse adjustment.) 


Bend the center of 
the trailing edge 
upward. 


[Note 2] 

This oblique wing tailless plane is drawn for the 
curve to the right, so it is easy for right-handed 
people to fly it. If you are left-handed and antici- 
pate having difficulties flying it, glue the main 
wing and vertical stabilizer in an inverted man- 
ner. The oblique wing will then have a swept- 
back left side necessary for the flight pattern 
which curves to the left. 


— Pn LADDER 
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Wie Wings 
PAIR PLANE 


A plane designed to load a much smaller plane can allow the “baby plane” to fly solo after the 
launch. Here are two different designs for "baby planes". If you follow these design instructions 
and make your baby planes with very light and thin paper, you may enjoy watching them in their 
extended flights. The mother plane is launched high up into the sky and at a certain height the 
"baby plane" is released into the air for its own flight. The mother plane then begins coming 
downward at an abbreviated glide ratio (see p. 28) as the design utilizes a lowered wing which 
works as a brake. The mother plane has the convenient tendency of gliding down to the spot 
where the launch originated so you need not travel far to retrieve it. 


GLUING INSTRUCTIONS A 
Glue the parts together in the order indicated. Arrow e 
pons Draw a center line 
MOTHER PLANE Glue the horizontal stabilizer ® to on the Ines 
e the top of the vertical stabilizer. of part (0 referring 
to the instruction 


2, 


Glue ® through 
® together. 


3. 


When dry, bore a hole in the 
circle shown with a gimlet (you 
may do so before you glue them 
together). 


1O. 


Glue the main wing (0010) firmly 
to the underside of the fuselage. 


8. 


Арру glue to the shaded рап of 
(0 and attach it to the underside 
of the main wing ®. 


» 4 of the Circular 
Wing Canard on 
page 46. 


DON'T make a creased line 
as if using a knife. Place a 
ruler on the underside of ® 
and fold downward along 
the dotted line. Make sure 
the dotted line is facing 
outward. 


Ó. 


Cut the small darker shaded 
boxes out. 


Bend both ends of ® up to make 
a 35' dihedral angle on each 
side. 


FINISHING TOUCHES 
e Give the finishing touches to the plane after it 
dries thoroughly. 

11. Using the dihedral angle gauge, make sure the 
dihedral angle is 35*. 

] 2. DONT camber the main wing on this plane. 

] 3. Cut the enclosed round rubber band at any 
point once and pass it through the gimlet hole in 
the cockpit and tie the end leaving a 12 cm (4- 
3/4") long band. 

] 4, View the plane from both the front and the back 
and straighten any warps or bends in the 
fuselage and the wings. 
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BABY PLANE : Design 1. 

1. Cut out рап ® to use as a pattern. Copy 
the pattern onto thin paper and cut it 
out as рап 12. 

2. Cut out part &. By using this as a pattern, 
make two more pieces out of an unused 
portion of the cut-out drawing. Name them 
parts 13 and (9. 


BABY PLANE : Design 2 

Cut out (O to use as a pattern. Copy this pattern 
onto the enclosed silver color paper and cut it 
out. When you release this strip in the air it 
comes downward very slowly by rolling around 
the longitudinal center line as an axis. 


You may use whichever design you like as a 
baby plane. It's convenient to use design 2 as it 
is easier to make and therefore easier to replace 
if it becomes lost. When you make this with the 
silver paper it is especially beautiful to see it glit- 
tering in the sunshine and lingering in the air. It 
can also be a sensor to identify "thermal". If you 
keep the patterns @, В, and © you can make 
many of these baby planes. However, do not lit- 
ter your flying area with those babies. 


TEST FLIGHT 

MOTHER PLANE 

You have to test fly the mother plane with its 
lowered wing shut. To do so, pass the rubber 
band under the lowered wing to wind it around 
the fuselage (see flight instructions below) and 
attach the end of the band to the fuselage with 
scotch tape so that the band won't loosen. Now 
you can test fly the plane by following the Test 
Flight instructions for Regular Planes on pages 
11 to 14. 


BABY PLANE : Design 1 
Test fly this baby plane according to the Test 
Flight instructions for Tailless Planes on pages 
13 and 14. However, as this plane does not 
have a vertical stabilizer you need only to adjust 
the trailing edges of the main wing. Hold the 
plane with your thumb and two other fingers as 
shown and release it forward. 


* There are no test flight procedures necessary 
for Baby Plane Design 2. 


Arrows point forward. 


3, Glue (3 and @ to the front 
portion of 12 on both sides 
respectively. 


4 View the plane from both 
the front and the back and 
straighten any warps and 
bends in it. 


5. Bend the trailing edges of the 


рап 42 slightly upward (0.5mm or 1/50") 


Flight direction 


FLIGHT INSTRUCTIONS 

First, let the mother plane carry a baby between 
the main. wing and the lowered wing. Pull the 
rubber band and wind it around the fuselage as 
shown. Hold the end of the band against the 
fuselage, apply the rubber band catapult to the 
hook of the fuselage, and launch the plane 
straight up into the sky. As it ascends, the 
mother plane will release the baby as the band 
unwinds. 


In order to make the rubber band unwind in the 
air successfully, you have to pull the band and 
wrap it around the fuselage approximately 20 
times without overlapping. 

If the baby 1 is not released successfully into 
the air in this manner, you may try to insert the 
baby in reverse, front side facing backward, in 
the mother's main wing. 

Conversely if a baby is released too soon after 
the mother plane has been launched and is still 
climbing up, you may bend the lowered wing in 
the way shown. 


d 


Lowered wing d 
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Wervings 
RING WING CANARD 


This is a front-wing plane with a ring-shaped main wing. If you launch this plane high up into the sky 
by catapult, it will fly stably and make a striking contrast with a clear, blue sky. 


GLUING INSTRUCTIONS 
Glue the parts together in the order indicated. 


1. 


Fold all tabs outward. 


3. 


Roll up 10 and v» with your fingers 
keeping the printed center line of 
4) facing outward. 


4. 


Glue one side from the center 


Glue the other side of 17 to the 
other inner,edge of 10 connecting 


line of 1? to the inside of 10 both inner edges at the center 

aligning the edge of 10 with the line of ^v. The shape will be a 

center line of «v. ring. 

8. 
б Glue the inside of the ring wing to 
hé the tag of the fuselage putting the 

Fold the front wing 12 with the / joint portion (104-1?) of the wing 
dotted line outside and glue the /> under the center of the fuselage. 


insides together. 


Arrow points forward 


2: 


Glue 12 to the fuselage putting 
the center line of 12 on the center 
of the fuselage. 
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FINISHING TOUCHES 
e Give the finishing touches to the plane after it 
dries thoroughly. 


9. Placing a ruler along the center line, fold the Camber the wings 
front wing from the center line to make a 18° carefully. 
angle on both sides. Place the dihedral angle 
gauge on it to check that the dihedral angle is 
18° 


" 10. Camber the front wing slightly with your fingers. 18° 
11. Make the ring wing's shape as round as 
possible. 


12. View the plane from both the front and the back 
and straighten any warps or bends in the 
fuselage and the wings. 


TEST FLIGHT 


@When there is a gentle breeze, toss your plane forward aiming it horizontally or slightly downward 
and adjust it according to the following instructions. However, adjusting the ring wing canard is the 
same as that of the ordinary canard in principle. So, test fly the plane also referring to the Test 
Flight instructions for Canard Planes on pages 11 to 14. 


How to adjust when the plane curves 
right 


]. Straighten any bends in the fuselage. 
2. Straighten the inclination and warps in 


the wings. 
З. ‘If the plane still curves right, view the 
plane from the back and tilt the front 
Nic ui wing left as shown. Examine the flight 
М pattern апа decide how much you 
need to tilt the wing keeping the 
View from the back dihedral angle at 18°. 


Place the dihedral angle gauge on it 
again to check the dihedral angle. 


[If it curves left, tilt the front wing right. ] 


How to adjust when the plane goes up or 
down. 


pA (a) Bend the trailing edges of the front 
wing slightly upward. 


(b) (b) Just right 


(c) Bend the trailing edges of the front 
wing slightly downward. 


The instructions above to tilt the front wing left or right is the way to curve the ring wing canard 
plane. Refer to How to Pilot instructions on page 16. 
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ИТЕ 
- DELTA PLANE 


The delta-shape wing is a design common to supersonic aircraft such as the Concorde and the 
Space Shuttle. Although paper airplanes fly at much slower speeds and generally require rectangular 
shaped wings to achieve flying performance, this delta plane incorporates the merit of lightness for its 
large triangular wing area. 


GLUING INSTRUCTIONS 
Glue the parts together in the order indicated. 


| 


RU Fold all tabs 5 : 


lo rid Arrow points forward. Fold the tabs of the main wing as 
E Ew q Shown. 
6) \ \ t NS 
e (4) A N 


Glue ( through 
© together. 


3 Glue ® to the underside of 0) 
e fixing each pointed end together. 
When dry, cut off the protruding 


portions. Arrows point forward. =, 
= 


Draw а center line on the 

underside of the main wing (+8) 
referring to the instruction 4 of the 
Circular Wing Canard on page 46. 


Glue the vertical 
stabilizers (9) and 40 
to the tabs of the 
main wing ((2+°8)) 
aligning the arrows 
on (9) and 40 with 
the folded tab lines 
of the main wing. 


Glue the main wing firmly to the 
fuselage aligning the center line 
drawn on the underside of the 
main wing with the center of the 
fuselage. 


FINISHING TOUCHES 

@ Give the finishing touches to the plane after it 

dries thoroughly. 

8. View the plane from both the front and the 
back and straighten any warps or bends in the 
fuselage and the wings. Be sure to flatten the 
main wing. 

9. Bend the shaded portions slightly upward by 
0.5 — 1.0mm (1/50”-1/25”). Examine the flight 
pattern and decide how much you need to 
bend the wing upward. 


TEST FLIGHT 


е The method of adjustment is the same as that 
of Tailless Plane. Test fly the plane according 
to the Test Flight instructions for Tailless 
Planes on pages 11 to 14. 


54 


© The rocking motion of the plane in a flight of 
slow speed is due to the specific characteris- 
tics of the delta wing, not due to any imperfec- 
tion in adjustment. 


CUTE LEES 


ASSEMBLY INSTRUCTIONS FOR 
THE TRIANGULAR FUSELAGE 


1 Common ordinary 
а table knife 


Make firm creases along the dashed Ruler 
lines of fuselage pieces (© & ©) using 
a common ordinary table knife (blunt 
knife) and a ruler (A steel or glass 
ruler is desirable.) as a guide. 


Avoid cutting through the dashed lines. 


Make firm creases 
along the dashed lines. 


Unprinted side 


2 e Unprinted side 


Spread glue evenly over the entire 

surface of the printed side of @. Apply @ to 
the unprinted side of ©. Make very 

sure that the edges of апа © that 

form the plane nose are placed together 
evenly, or flush, as shown in the 


diagram. 
Make very sure that the edges of 
Папа © are placed together evenly. 
3 Spread glue along the inner edges. 
° \ 


Before the glue dries, fold © and 2) «я тт — 
along the creased dashed lines having > uae 


г face inward. Then spread glue along "a 
the inner edges as shown. ” 


Printed side of (D 


4. 


Glue the inner edges together to Glue 
complete the formation of the cross 
section as shown. 


Cross section 
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2 


View the fuselage closely from both 
the front and the back and carefully 
straighten any warps or bends before 


the glue dries. Look inside of the fuselage 


to make sure the inner sides also draw 
no warps or bends. 


6. 


Let the fuselage dry completely by 
attaching clips or clothespins on the 
glued edges as shown. It takes at 
least 2 hours to dry. 


ГА 


Маке a groove along the thick dashed 
line at the plane nose by carefully 
pressing down upon it with a ruler. The 
groove must be deeper at the tip of 
the plane nose than at any other part. 
The remaining area of the top of the 
fuselage, except for the thick dashed 
line, should remain flat. 


8. 


Put glue into the groove at the tip of 
the plane nose and both inner sides 
of the plane nose and glue together. 
Let it dry thoroughly (at least 2 hours) 
using a Clip to keep the tip of the nose 


in place. 
2. 


Completed Figure. 
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Inner sides also draw 
no warps or bends. 


Y Y 


Wrong Right 


Cross section 


Cross section 


Glue 


Cross section 


WINIEIWINNS 
TANDEM PLANE 


A tandem plane has the almost same size horizontal stabilizer as the main wing. Perhaps the box kite 
down through the years hinted at this style of plane. We can find this type of plane in the early history 
of aviation. The most famous one is the “Aerodrome” designed by Prof. Samuel P. Langley in the Un- 
ited States of America. 


GLUING INSTRUCTIONS 
Glue the parts together in the order indicated. а 
Glue the vertical stabilizers © 
я and ® to Ше gluing positions for 
А | Е l the vertical stabilizers on the 
| Glue the horizontal stabilizer (5+ ^ horizontal stabilizer. Make sure to 
Assemble the fuselage following (2+8) firmly to the gluing position — align the trailing edges of the 
the assembly instructions for the — for the horizontal stabilizer on the — vertical stabilizers ® and ® with 
triangular fuselage on pages 55 fuselage. Make sure to align the the trailing edges of the _ 
and 56. center line of the horizontal horizontal stabilizer. 
stabilizer (®@+@+®) with the 
center line on the fuselage. 3 
4 
е Fold the tabs of 
Glue © to © aligning the center (8) р the vertical 
lines and the front edges with UO stabilizers (7) 
each other. 7) u and ® as 
shown. 


Dot toward the front. 


Gluing position for the 
horizontal stabilizer 

Glue 4) to the underside of 8). 
When dry, cut off the protruding 
portions. 


e 
Gluing position for the 
main wing 


FINISHING TOUCHES 
e Give the finishing touches to the plane af- 
ter it dries thoroughly. 


7. Place a ruler along each of the outer lines of 
the main wing and bend each side up 
individually to make a dihedral angle of 18° for 
both sides of the main wing. 

8. Camber the main wing slightly with your \ 
fingers. 8 А 
(The horizontal stabilizer should remain flat.) 

9. View the plane from both the front and the 
back and straighten any warps or bends in the 
fuselage and the wings. 


TEST FLIGHT 
e Test fly the plane according to the Test Flight : | 
instructions for Regular Planes on pages 11 to 14. N J18 


Camber the wings 
carefully. 
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AW TENS 
MULTI-TANDEM PLANE 


This is a something of an experiment. Thinking of a plane in an unorthodox shape, | placed 5 wings 
in a line. In order to reduce the aerodynamic influence upon the back wing by the front wing, the de- 
grees of the dihedral angles are fixed in descending order from the front to the back. Experimenting 
with this plane, my longest flight lasted 20 seconds. 


GLUING INSTRUCTIONS 
Glue the parts together in the order indicated. 


[m 


Assemble the fuselage following 
the assembly instructions for the 
triangular fuselage on pages 55 


and 56. 
4. 


Glue (9) to the underside of (4. 
When dry, cut off the protruding 


5 e portions. 


Glue ® to the underside of ®. 
When dry, cut off the protruding 
portions. 

Arrows point forward. 


Gluing position for the 
first wing (+8) — 7 


6. 


Place a ruler along the outer lines 
of the wing (®+®) and bend 
each side upward individually to 
make a dihedral angle of 18° for 
both sides. In the same manner, 
bend each side of the 2nd, 3rd 
and 4th wing upward individually 
to make a dihedral angles for 
both sides of each wing. Reduce 
their angles gradually from the 

. front to the back as shown in the 
figure on. page 59. 
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14. 


Glue the vertical stabilizers 
(624-13) to the wing (2 aligning the 
center of the folded tab lines of 
the vertical stabilizer with the 
center line of the wing ®©. A 
section of bottom edge of the 
vertical stabilizer will protrude 
from the wing (7). 


T2. 


Fold the tabs of the vertical 
stabilizers 12 and 13. 


2. 


Glue ® to the underside of ®. 
When dry, cut off the protruding 
3 portions. 
e 
Glue (0 to the underside of ©. 
When dry, cut off the protruding 
portions. 


Glue %3 to 42 aligning their front 
edges at the bottom. 


Gluing position for the 


Lo fifth wing (7) 
227 


Gluing position for the 
fourth wing ((6)--411) 


8. 


Glue the wing (6)+49) firmly to its 
gluing position on the fuselage. 


И, 


Glue the wing (52410) firmly to its 
gluing position on the fuselage. 


10. 


Glue the wing (4)+@) firmly to its 
gluing position on the fuselage. 


11. 


Glue the wing (®+®) firmly to its 
gluing position on the fuselage. 


Gluing position for the 
third wing ((5)+10) 


Gluing position for the 
second wing ((4)4-(9)) 


rA 


Glue the wing (7) firmly to its 
gluing position on the fuselage. 
Make sure to align ihe center line 
of the wing (7) with the center line 
on the fuselage. 


Pk line 
Фа 
Ee 


Outer lines for the 
dihedral angle 


FINISHING TOUCHES 


@ Give the finishing touches to the plane after it 


dries thoroughly. 


15. Make the wing 7) (the fifth wing from 
the front) flat. (a dihedral angle of 0°) 


] 6. Camber all wings but the fifth wing 
carefully with your fingers. (The fifth 
wing should remain flat.) 


] 7. Using the dihedral angle gauge, make 
sure the dihedral angle for the first 
wing ((3)+8) is 18° 


18. View the plane from both the front and 
the back and straighten any warps or 
bends in the fuselage and the wings. 


TEST FLIGHT 


Camber the wings 
carefully. 


18° а = Ba 
а p — Fifth wing 
yo i Wu ср wing 
" ame > Be 
x S Third wing 


Second wing 


First wing 


|. First wing 
^ — Second wing 
| = Third wing 
~ Fourth wing 
Fifth wing 


How to make a 
dihedral angle 


© Test fly the plane according to the Test Flight instructions for Regular Planes on pages 11 to 14. 
Adjust the first and the second wing as the main wing and the fifth wing as the horizontal stabilizer. 
Straighten any warps or bends in the third or the fourth wing. If the trailing edge of the horizontal 
stabilizer is dropped too low, this plane will have difficulty recovering from an inverted flight. 
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Wiering 
ASYMMETRICAL WING PLANE 


This asymmetrical wing plane is made from two ordinary plane design with contrastive wings putting 
right and left halves together. | was required to nearly equalize the lift by both right and left wing and 
to make their center of gravity equal with each other. The key point for good flight performance de- 
pends upon the longitudinal stability (raising and lowering of the nose), so you do not have to be 
concerned with the vertical stabilizer. Refer to Fig. 1 to see the placement of the main wing, the hori- 
zontal stabilizer and the center of gravity for each plane with contrastive wings. 
The combinations with right and left half of each model are shown in Fig. 2. Each model mentioned in 
A, B, C, D and E has its own way of regaining its balance between its lift and gravity when the angle 
of attack is changed by a gust of wind. Even if such different planes are combined into one, they will 
fly well on the condition that the longitudinal stability is maintained by a well-adjusted main wing and 
horizontal stabilizer. (In the case of pitching, it may remain yawing, but a normal flight would be ex- 
pected.) This model is in between BC, BE and CE. If adjusted to curve gently to the right, it will per- 
form well, much like a racer type model. The longest recorded flight of this plane is 29 seconds. 
However, the asymmetrical wing plane will easily lose its gliding stability in turbulent air. Also, when 
the plane crashes into a wall or dives to the ground, the fuselage will easily be bent by the force of 
impact. Therefore, be careful to test fly and after the adjustments are complete, gradually fly it up into 
the sky in stages. 
The three planes in Fig. 3 are AB, CD and CE from the left. After the experiment, all of them glided 
normally. However, there is a big difference between the initial speed just after launching and the 
speed in which the plane naturally glides. Therefore, in order to design a plane with excellent flying 
performance, you need to pay attention to combining two planes which have as much the same 
effect on the change of speed as possible. 

Canard Tailless 


ИЕ: Model Tandem Model Model Model 


1 @ Center of Gravity 


Flying = au PE FEN a + Side view 
direction | 


Gravity 
Figure 1 
E 
AE 
BE | 
cE | 


Ж 


Е ж * ж 


Figure 2 Figure 3 
Asterisk (ж) means omissions because 
the combinations on both sides are the 
same. 
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GLUING INSTRUCTIONS 
Glue the parts together in the order indicated. 


l. 
3. 


Assemble the fuselage according 
Glue ® to the underside of the 


to the assembly instructions for 
the triangular fuselage on pages 

right main wing ®. When dry, cut 
off the protruding portions. 


55.to 56. 
2. 


9. 
N SS 

Place a ruler along the Му az Fold the tabs of the vertical 

stabilizer ® as shown. 


folding line of the right = ^ 
main wing (046) and 

bend it upward to make a 
dihedral angle of 
approximately 18°. N, 


10. 


Glue the right main wing 
(©+®) firmly to its gluing 
position on the fuselage. | 


8. 


Glue the left main wing (© 
+@) firmly to its gluing 
position on the fuselage. 


Folding line 
\ 


nd = AC 
Arrow points \ 
forward. 


Arrow points” 4* 


forward. | Eu F -2 
j e Folding line bu 18 


Place a ruler along the 
folding line of the left main 
wing (3+@) and bend it 
upward to make a dihedral 


FINISHING TOUCHES angle of approximately 18°. 


6. 


True up both front edges and 
glue ihe vertical stabilizer ® to its 
gluing position on the center line 
of the horizontal stabilizer. 

(A section of the bottom edge of 
® will protrude from the 
horizontal stabilizer. Don't cut it 
off) A 


Glue the horizontal 
stabilizer @ firmly to its 
gluing position on the 
fuselage. Make sure to 
align the center line of 
the horizontal stabilizer 
(7) with the center line 
on the fuselage. 


e Give the finishing touches to the plane after it dries 


thoroughly. 


Glue (0 to the underside of the 
left main wing ®.When dry, cut 
off the protruding portions. 


11. Using the dihedral angle gauge, make sure the 
dihedral angle for both main wings is 18° 

12. Camber the main wings slightly with your fingers. 

13. View the plane from both the front and the back 
and straighten any warps or bends in the fuselage 
and the wings. 


TEST FLIGHT 

Ф Тһе method of adjustment for this plane is the 
same as that for regular planes. Test fly the plane 
according to the Test Flight instructions for Regular 
Planes on pages 11 to 14. 
In order to fly this plane high up into the sky, a gentle 
curve to the right will create a more stable flight 
than a curve to the left. Following How to Pilot in- 
structions on page 15, adjust the plane to curve to 
the right by slightly bending the trailing edges of 
both the left and right main wings and the vertical 
stabilizer, examining the flight pattern. 


Camber the wings 
carefully. 


Wb HEP WINGS 
PANORAMA PLANE 


—IMAGINE A PLANE DESIGNED SO THAT EVERYONE CAN HAVE A WINDOW SEAT— 


GLUING INSTRUCTIONS 
Glue the parts together in the order indicated. 6 
e 


| Glue the tail section (+4)+(2) 
3 Arrows point forward. firmly to the fuselage. 
e 


2: 


Glue the vertical stabilizers 11 
and (2 to the tabs of the 
horizontal stabilizer 10 aligning 
the arrows on 10 and 12 with the 
folded tab lines of 10. 


Glue © to the underside of ®. 
When dry, cut off the protruding 
portions. 


/. 


Placing а ruler along the center 
line of the main wing (®+®), 4 

bend each side up individually to ^ 

make a dihedral angle of | —— 
approdmetely 2 TET Goth Saes- ui /& horizontal stabilizer 40 as 


the main wing. Then, glue the 
main wing (®+®) firmly to the 
fuselage. 


Arrow points foward. 
— 


Glue ® through (7 together 
as indicated in the diagram. 


Fold all tabs outward. 


FINISHING TOUCHES 
e Give the finishing touches to the plane 
after it dries thoroughly. 
8. oo wing slightly with Catia iets 
9 Using the dihedral angle gauge, make Arrow points foward. oe 
sure the dihedral angle of the main 
wing is 8°. 
10. Fold ® up slightly along both sides of 8° 
its center line and glue it onto the 
center of the main wing. 
11. View the plane from both the front and 
the back and straighten any warps or 
bends in the fuselage and the wings. 


TEST FLIGHT 
@ Test fly the plane according to the Test Flight 
instructions for Regular Planes on pages 11 to 14. 
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WEIS 
Northrop B-2 Stealth bomber 


GLUING INSTRUCTIONS 
Glue the parts together in the order indicated. 


4. 


Turning the surfaces of (7) through 
12 upward, glue them together in 
the order shown beginning with 
the underside of ®, truing up the 
front edges of each piece. Make 
sure to align the center lines with 
each other. 


3 


2. 


Draw a center line on the 

underside of part © referring to 
* the instruction 4 of the Circular 
Wing Canard on page 46. 


Center line 


E 


ER 
Window side 


\ points forward. we 


|. 


Fold all tabs outward. 


Glue (D through 
(5) together. 


Glue the fuselage to the 
underside of the main wing 
(© — 12) aligning each center line. 


6. 


Fold the cockpit 43 slightly inward 
along the dotted line. Swell the 
whole of the cockpit into a curve 
to complete its oval shape. Then, 
glue the tag as shown. 


f. 


Fold 19 and 45 slightly along each 
dotted line. Prepare to glue (3 to 
the front edge of the inside of 43 
and (9 to the underside of “4. 
When gluing, slide? back from 
the nose of (9 approximately 
0.8mm (1/32”) and slide (9 back 
from the nose of 12 approximately 
0.8mm in order to avoid 44 and (19 
protruding from under 43. 


8. 


Spread glue around the bottom 
edge of the cockpit (13-12-5159). 
Apply it to the printed line on the 
main wing ( and press it down 
with your fingers until it dries. 


FINISHING TOUCHES 


€ Give the finishing touches to the plane after it 

dries thoroughly. 

9. View the main wing from both the front and the 
back and flatten it with your fingers. (Don't 
camber it.) Then, bend the right and left trailing 
edges of the main wing (shaded portions) 
slightly upward 1.5 — 3mm (1/16 — 1/18’). 


TEST FLIGHT 
е Test fly the plane according to the Test Flight 


instructions for Tailless Planes on pages 11 to14. 


в DESIGNER'S PROFILE 


Dr. Yasuaki Ninomiya, born in 1926, has been fascinated by air- 
planes since early childhood, an interest which later developed into 
his present hobby and business of designing and building paper 
airplanes. 


He received his doctorate in 1962 in the field of microwave measure- 
ment theory. He is recognized as a pioneer in microwave communi- 
cations engineering from his work as a leading researcher at the 
Electrical Communications Laboratory of the Nippon Telegraph 

and Telephone Corporation from which he retired in 1984. At the 

invitation of the Iranian government, he served as principal advisor 

of the joint Japan-Iran Electronic Communications Research Center 
from 1975 to 1977. He is currently a member of the Japan 

Industrial Designer's Association and has been a member of the 

Good Design Committee of the Ministry of International Trade 

and Industry. 


Drawing upon this distinguished background and expertise, Dr. 
Ninomiya designs aviationally sound and sleek, high performance 
paper planes based upon principles of industrial design and 
mechanical functionality. Convincing evidence of his talent is his 
garnering of the grand prizes in the Duration Flight and Distance 
Flight categories of the 1st International Paper Plane Contest (Pacific 
Basin Division) in San Francisco in 1967. He later served as a judge 
in the 2nd Great International Paper Plane Contest, held in Seattle, 
Washington in May 1985. 


Dr. Ninomiya is widely recognized as a respected authority on paper 
planes. He has designed a wide variety of planes ranging from racer - 
type models to profile models like the F-15, F-16, Spirit of St. Louis, 
and so many more. He also holds a private plane operator's license 
and tries to get into the pilot's seat of his Cessna 182 whenever his 
busy schedule permits. 
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AG1500 ORIGINAL SERIES: Features FAS Eagle, P-51 Mustang, Spirit of St AG1501 COLLECTION SERIES: Features F-16 Falcon, Lockheed VEGA 
Louis and the SST. and the Wright Flyer. 


AG1502 HERITAGE SERIES: Features The Voyager, Strega P-51, Hercules 
C130 and the three new giant tri-linear gliders. 


AG075 SERIES: Super performance gliders of high fiber laminate bonded AG100 SERIES: Ready to assemble with a pre-cut balsa body and high 
to heavy-duty styrene. fiber airfoils. 


AG900 TRI-LINEAR SERIES: Features pre-cut giant (15”) tri-linear fuselage 
and all-fiber airfoils. 


AG600 SERIES: Ready to assemble with balsa bodies & high fiber airfoils. 
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